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SECTION L 
OFTHESaUARE. 

PROBLEM I. 

EXAMPLES. 

1. 20 X 20 = 400 inches. 

2. 10 X 10 X 30,25 X 9 = 27225 square feet. 

3. 60 X 60 = 3600 and 160)3600( « 22,5 acres. 

4. 160 X 5 X 30,25 = 24200 men. 

5. 14 X 14 = 196 square chains, and 100 X 100 ==^ 
10000 square links in one chain ; then 196 X 10000 =m. 
1960000 square links. 

PROBLEM II. 
EXAMPLES. 

1. ^625 = 25 feet. " 

2. -^384 = 19,5959 +. 

3. 160 X 6 = v960 = 30,9838 +. 

4. 125 X 10 = 1250 chains, and -»/1860 - 35,3553 +. 

PROBLEM III. 

EXAMPLES. 

1. 16 X 16 - 256, and 2)256 = 128 the area in 
chains, and 10)128 = 12,8 acres. 
. 2. 41,3 X 41,3 = 1705, 69 the square of the diag^»^ 
»aJ, and 2)1705,69 = 852,845 rods area of the squai»> 

1* 



6 MENSURATION OP SUPERPICIES. [Sec. I. 

and 160)852,845 = 5,33028 acres « to 5 acres, 1 rood, 
and 13 + rods. 

3. 4,78 X 4,78 = 22,8484, and 2)22,8484 - 11,4242 
square chains, and dividing by 10, because 10 square 
chains make an acre, =« 1,14242, which is «= to 1 acre 
^d 22 + perches. 

PROBLEM IV. 

EXAMPLES. 

1. 64,8 X 10 =- 648 chains the area, and 648 X 2 — 
1296 and .J/ 1296 = 36 chains the diagonal. 

2. 4 = here 578 chains X 4 = 2312 rods, and 2312 
X 2 = 4624 rods double the are?,, and -^4624 «= 68 
rods, length of the diagonal. 

PROBLEM V. 
EXAMPLES. 

1. 50 X 50 =« 2500 chains the square of the diago-* 
nal ; then 2500 divided by 2 =^ 1250 chains, and ^ 1250 
15= 35,3553 + chains, length of the side required. 

2. 24 X 24 = 576 the square of the diagonal, and 
2)576 = 288, and ^288 = 16,97 + rods. 

3. 36 X 36 = 1296, and 2)1296 « 648, and ^648 
« 25,4558 +, 

PROBLEM VI. 

EXAMPLES. 

1. 19 X 19 X 2 = 722, and ^722^ 26,87 + chains, 
length of the diagonal required. 

2^ 24 X 24 = 676 the square of one side, and 576 X 
2 = 1152, and ^1152 = 33,9411 + rods, length of the 
diagonal. 

3. 43 X 43 X 2 =;^ 3698, and.^3698 =- 60,8111 + feet. 

PROBLEM VII. 

EXAMPLES. 

1. 20 X 20 X 2 = 800 and ^800 = 28,28427, and 
88^28427 + 20 = 48,28427 chains len^-h of the ¥d^, 
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and 48,28427 x 48,28427 « 2331,37 square chains, 
which is = to 233 acres 21,92 rods. 

2. 12 X 12 - 144 X 2 =^ 288, and -^288 = 16,97, 
and 16,97 + 12 - 28,97 rods length of the side, and 
28,97 X 28,97 « 839,2609 square rods, and 160)839,- 
2609 = 5,245 acres = ta 5 acres and 39 rods. 

3. 8x8x2 = 128, and ^128 = 11,3136 +, and 
11,3136 + 8 = 19,3136, and 19,3136 x 19,3136 = 
373 + feet, the area. 

OF PARALLELOGRAMS. 

PROBLEM I.. 
EXAMPLES. 

1. 24 X 16 *= 384 poles area required. 

2. 36 X 18 = 648 chains, and divided by 10 ^ 64,8 
acres, 

3. 14 X 15 «» 210, and 12)210 ^ 17,5 feet. 

4. 16 X 19 X 20 = 6080, and 12)6080 =. 606 feet 
96 square inohes, = to f of a square hot 

5. 36 X 18 =^ 648 square feet, and 100)648 = 6,48 
squares. 

PROBLEM II. 

EXAMPLES. 

1. 30)456 — 16 chains and 20 links. 

2. 12)784 ^ 65,3333 feet, or 65 1 feet. 

3. 36 X 4 + 3 = 147, and 147 x 40 + 30 =-* 6910 
perches, and 130)6910 =« 49,25 perches, length of the 
shortest side. 

PROBLEM III. 
EXAMPLES. 

1. 2)60 = 30, and 30 X 30 = 900, and 900 — 576 
— 324, and ^324 « 18, and 30 + 18 = 48 chains the 
longest side, and 30 — 18 = 12 chains the shorter. 

2. 3 X 4 + 1 = 13 roods, and 13 x 40 + 32 = 552 
rods the area, and 116 rods = twice the sum of the 
length and bi»eadth ; therefore 4)116 =« 29, and 29 x 
29 = 841, and 841 — 562 = 289, and -^289 - 17, and 
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29 4- 17 =« 46 rods length of the longest side, and 29 
— 17 ==• 12 rods length of the shorter side. 

3. 20 + 8 ^ 28, and 2)28 = 14. and 14 X 14 = 
196, and 20 X 8 =;- 160, and 8)160 *= 20, and 196 — 
20 = 176, and ^176 =^ 13,2665, and 14 — 13,2666 ^ 
,7335 — rods, width of the walk. 

PROBLEM iv. 

EXAMPLES. 

1. 4 X 4 X 40 « 640 rods area, and 2)12 = 6 half 
the difference of the two sides, and 6 x 6 = 36, and 640 
4- 36 = 676, and ^676 = 26 half the sum of the length 
and breadth ; then 26 + 6 — 32 rods the longer side> 
and 26 — 6 = 20, shorter side. 

2. 138 X 10 = 1380 chains the area, and 2)16 =. 8 
half the difference of the two sides, and 8 x 8 = 64, 
and 1380 + 64 = 1444, and -^1444 = 38 half the sum 
of the two sides ; then 38 + 8 = 46 chains the longer 
of the two sideSj and 38 — 8 = 30 chains, the shorter 
side. 

PROBLEM v» 

EXAMPLES. 

1. 40 X 4 + 3 = 163 roods, and 163 x 40 + 24 = 
6544 rods the area, and 6544 x 3 = 19632, and 
4)19632 = 4908, and -J/4908 ^ 70,057 rods the shorter 
«de, and 70,057 x 4 =^ 280,228, and 3)280,228 = 93,^ 
4093j length of the longer side. 

2. 24 X 10 = 240 chains area ; then 240 x 2 :»= 480, 
and 3)480 = 160, and vl60 = 12,6491 + chains the 
shorter side, and 12,6491 X 3 = 38,0473, and 2)38,0473 
== 19,02365 chains the longer side. 

PROBLEM VI. 

QUESTIONS. 

1. 12)720 = 60 rods the sum of the adjacent sides ; 
then 2)60 = 30, and 2)12 = 6; then 30 + 6 = 36 rod« 
the longest side, and 30 — 6 « 24 rods the shortest^ 
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2. 6)108 fe= 18 chains, sum of the two adjacent sides, 
and 2)18 « 9, and 2)6 = 3 ; then 9 + 3 = 12 chains 
the longer side, and 9 — 3 ^ 6 the shorter* 

PROBLEM Ylii 

« EXAMPLES. 

1. 20)80 «* 4 chains, the difference between the sides 
then 2)20 = 10 chains the half sum^ and 2)4 chain 
half the difference ; then 10 + 2 =* 12 chains longes 
side, and 10 — 2 = 8 the shortest. 

2. 16]32 = 2 feet, difference of the 2 sides ; then 2)2 
= 1, half the difference, and 2)16 = 8 feet half the sum 
then 8 + 1 = 9 feet longest side, and 8 — 1 == 7 feel 
the shortest 

PROBLEM VIII. 
EXAMPLES. 

1. 8 X 8 » 64 chains, square of their difference, and 
194 the sum of their squares ; then 194 — 64 = 130, 
and 130 + 194 =^ 324, and v324 = 18 sum of the two 
sides ; then 2)18 = 9 the half sum, and 2)8 = 4 half 
their difference ; then 9 + 4 « 13 chains the longest 
side, and 9 — 4=5 chains the shortest side. 

2i 11 X 11 = 121 the square of the difference ; then 
281 — 121 = 160, and 281 + 160 = 441, and v441 ^ 
21 inches the sum of the two sides ; then 2)21 = 10,6 
the half sum, and 2)1 1 = 5,6 half the difference ; then 10,6 
+ 6,6 i== 16 inches the longest side, and 10,5 — 6,5 =*» 
5 inches the shortest side. 

PROBLEM IXi 

EXAMPLES^ 

1. 50 X 60 =i 2500 the square of dieir sum ; then 
2500 — 1300 = 1200, and 1300 — 1200 = 100 the 
square of the difference 6f the two sides ; then vlOO = 
10 the difference ; theri 2)50 = 26 the half sum, and 
2)10 = 6 half the difference ; therefore 25 + 5 = 30v 

3: ^s. 
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then 30 X 20 » 600 chains the area, and 10)600 « 60 
acres the area required. 

2. 2)56 » 28 rods, the sum of the length and breadth 
of the garden ; then 28 X 28 = 784 the square of their 
sum ; then 784 — 464 = 320, and 464 — 320 = 144 - 
the diflference of the squares of the two adjacent sides^ 
and vl44 = 12 the difference ; then 2)28 =*14 the half 
sum, and 2)12 = 6 half the difference ; therefore 14 + 
6 =» 20 rods the longest sides, and 14 — 6 = 8 rods the 
shortest, and 20 X 8 = 160 rods == to one acre, the area 
required. 

PROBLEM X. 
EXAMPLES. 

1. 30 X 10 = 300 square chains the area, and 300 X 
2 = 600 twice the area, and 25 x 25 = 625 chains the 
square of the diagonal, and 625 — 600 = 25 difference 
of the squares of the two adjacent sides ; then v25 = 5 
chains, difference of the two sides ; then 625 + 600 « 
1225 chains, square of the sum of the two sides ; con- 
sequently vl225 = 35 chains, the sum of the two sides ; 
then 2)35 = 17,5 the half sum, and 2)5 = 2,5 half their 
difference ; then 17,5 + 2,5 = 20 chains the longest 
side, and 17,5 — 2,5 = 15 chains, the shortest side. 

2. 6 X 4 = 24 roods, and 24 x 40 + 12 = 972 rods, 
the area ; then 972 x 2 =» 1944 rods twice the area, 
and 45 X 45 =a 2025, and 2025 — 1944 = 81 the square 
of the difference of the two sides ; then v81 = 9 rods 
the difference, and 2025 + 1944 = 3969 the square of 
the sum of the two sides ; then v3969 =» 63 rods, the 
sum of the two sides ; then 2)63 == 31,5 rods the half 
sum, and 2)9 = 4,5 rods, half the difference ; then 31,6 
+ 4,6 = 36 rods the longest side, and 31,6 — 4,6 =« 27 
rods the shortest. , 

« 

PROBLEM XI. 
EXAMPLES. 

i. 4 acres, 3 roods, and 8 rods = 768 rods the area; 
then 16)768 rods » 48 chains the axeai and 48 X 48 «- 



/ 
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2304 the square of 'the area, and 2)28 = 14 half the dif- 
ference of their squares ; then 14 x 14 = 196, and 2304 
+ 196 « 2600, and V2600 = 60, and 60 + 14 - 64, 
the square of the longest side ; then i/64 = 8 chains the 
longest side, and 60 — 14 =» 36 the square of the short- 
est ; then v36 = 6 chains the shortest side. 

2. 48 X 48 = 2304 the square of the area; and 2)128 
=a 64 half the difference of their squares ; then 64 x 64 
« 4096, and 4096 + 2304 = 6400, and v6400 = 80, 
and 80 + 64 = 144 the square of the longest side ; then 
Vl44 = 12 chains the longest side, and 80 — 64 =• 
16 the square of the shortest ; then vl6 == 4 chains the 
shortest side. 

OF THE RHOMBUS. 

PROBLEM I. 

EXAMPLES. 

1. 12,24 X 9,16 = 112,1184ifeet, the area required. 

2. 12 feet 6 inches = 12,6 feet and 9 feet 3 inches » 
9,26 f^t; then 9,26 x 12,6 » 116,626 feet, the answer 
required. 

PROBLEM II. 
EXAMPLES. 

1. 6)24 « 4,8 rods, the perpendicular required. 

2. 8 feet 6 inches are »* to 8,6 feet ; then 8,5)125 ■> 
14,7 + feet, length of the side. 

OP THE RHOMBOID. 

PROBLEM I. 
EXAMPLSa 

1. 26 X 8 = 208 rods = to 1 acre, 1 rood, and 8 rods. 

2. 18 feet 9 inches » 18,76 feet, and 12 feet 3 inches 
w 12,26 feet ; then 18,76 X 12,26 = 229,6876 square 
feet ; then 9)229,6876 = 26,6208 + square yaids. 

3. 24,76 X 36 »- 891 square feet; then 9)891 » 
99 square yards ; then 30,26)99 »* 3ft square rods. 
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PROBLEM II. 

EXAMPLES. 

1, 4 X 4 + 3 «. 19 roods, and 19 X 40 + 12= 772 
square rods, and 772 square rods divided by 16, because 
16 square rods are equal to 1 square chain » 48,25 
square chains in the area, and 9,20^8,25 = 5,2445 + 
chains, the length of the perpendicular. 

2, 4 feet 8 inches reduced to a decimal becomes 4,- 
666, and 47 feet 9 inches = 47,75 ; then 4,666)47,75 =- 
12,141 + feet, the length of the side. 

3, 1 square rod « 272,25 feet ; then 272,25 x 144 = 
39204 square inches, and 7 x 12 + 2 =» 86 inches, the 
length of the perpendicular ; then 86)39204 = 37,99 — 
feet, the length. 

OF RIGHT-ANGLED TRIANGLES, 

PROBLEM I. 
EXAMPLES. 

1. 2)36 = 18 rods, half the length of the base ; then 18 
X 12 = 216 rods the area, = to 1 acre, 1 rood, and 16 
rods 

2.' 2)24,76 «= 12,38, and 12,38 X 41,23 = 510,4274 
square chains, and dividing by 10, the number of squarq 
chains in an acre, the area will be 51,04274 acres, and 
by fmding the value of the decimal it will be found 
« to 6ft rods. 

PRQBLEM II. 

EZAMFLES. 

1. 16,6 X 2 a- 33 feet twice the ar^ and 33 feet x 
144-4752, and 7x12 + 2- 86; then 86)4752- 
65,266 — inches = to 4,604 + feet 

2. 4 X 4 + 1 = 17 roods, and 17 X 40 + 20-700 
square rods the area, and 16)700 — 43,75 chains the 
area ; thert 43,75 x 2 - 87,50, and 3,14)87,50 - 27,- 
8662 + chains, the length of the base. 
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PROBLEM III. 
SXAMPLS8; 



1. 16 X 16 = 256 the square of the base, and 12 X 
12 =* 144 the square of the perpendicular ; then 256 -f 
144 =s 400 the square of the h3rpotei]i!se ; then V400 
^ 20 chains, the length of the hy]ptotenuse-. 

2. 4,5 X 4,5 =* 20,25 the square of the perpendicular, 
and 7,75 X 7,75 ^ 60,0625 square of the base ; then 
60,0625 X 20,25 = 80,3125 the square of the hypote- 
huse ; then v80,3125 «^ 8,9617 + feet^ th^ length of 
the hypotenuse. 

PROBLEM iw 

. EXAMFI.ESV 

i, 25 X 25 = 625 the square of the hypotenuse, and* 
20 X 20 «= 400 the square of the base ; then 625 — 400 
« 225 the square ot the perpendicular ; then v225 =» 
15 chains, the perpendicular required. 

2. 40 X 40 =^ 1600 the square of the hypotenuse, and 
26 X 26 = 676 the square of the perpendicular ; then 
1600 — 676 :^ d24 the square of the base ; then v924 
*= 30,38 + chains, the length of the base required. 

3. 30 X 30 « 900 the square of the length of the ladder, 
and 18 X 18 = 324 square of the perpendicular on one 
side of the street ; then 900 — 324 = 576 the square 

. of the distance from one side of the street to the foot of 
the iadder ; then v576 = 24 feet the distance from one 
side of the street to the foot of the ladder, and 24 x 24 
^= 576 the square of the perpendicular on the opposite 
side ; then 900 — 576 =- 324, and v324 = 18 the dis- 
tance from the opposite side to the foot ; then 18 + 24 
= 42 feet, the width of the street. 

4. 120 X 120 = 14400 the square of the distance from 
the place of observation to the top of the fort, and 80 X 
80 = 6400 the square of the distance level with the eye ; 
then 14400 — 6400 = 8000 the square of the height of 
the rock and fort together ; then v8000 =* 89,4427 yards, 
the height of the rock and fort ; then 100 x 100 «■ 

2 
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10000 the square of the distance from the place of ob- 
servation to the top of the rock, and 6400 square of the 
distance level with the eye of the observer ; then 10000 
— 6400 = 3600 the square of the hek^ht of the rock ; 
then v3600 = 60 yards, the height of the rock ; then 
89,4427 — 60 =- 29,4427 + yar£, the height of the fort. 

PROBLEM V. 

EXAMPLES. 

1. 20 X 20 » 400 the square of the base, and 2 x 2 
=s 4 the square of the difference ; then 400 — 4 = 396, 
and 2x2 = 4 twice the difference ; then 4)396 = 99 
chains, the perpendicular. 

2. 24 X 24 = 576, and 6 x 6 = 26 ; then 576 — 25 
= 551, and 6x2= 10 ; then 10)551 = 56,1 chains, 
length of the perpendicular ; then 2)24 = 12 chains, 
half the length of the base ; then 55,1 x 12 = 661,2 the 
area in square chains ] then 10)661,2 = 66,12 acres, 
the area required. 

3. 24 X 24 = 576 the square of the base, and 6,14 X 
6,14 = 37,6996 ; then 576 — 37,6996 = 538,3004, 
and 6,14 x 2 = 12,28 twice the difference ; then 
12,28)538004 = 43,8355 feet, the perpendicular re- 
quired. 

PROBLEM VI. 

EXAMPLES. 

1. 40 X 4Q=» 1600 the square of the base, and 4x4 
» 16 the square of the difference ; then 1600 -f 16 =» 
1616, and 4x2 = 8 — twice the difference ; then 
8)1616 = 202 feet, the length of the hypotenuse. 

2. 30 X 30 = 900 the square of the base, and 7 x 7 
= 49 the square of the given difference ; then 900 + 49 
» 949, and 7x2=14 twice the given difference ; then 
14)949 = 67,8 — feet, the leng^ of the hypotenuse 
required. 

PROBLEM VII. 
EXAMPLES. 

1. 100 X 100 = 10000 the square of the sum, and 
40 X 40 = 1600 the square of the base ; then 10000 ^ 
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1600 « 8400, and 100 x 2 =» 200 twice the sum, and 
200)8400 =» 42 feet, the length of the perpendicular 
required. 

2. 120 X 120 = 14400 the square of the hbight of the 
tree, and 40 x 40 = 1600 the square of the distance 
from the base where the top may rest ; then 14400 — 
1600 = 12800, and 120 X 2 = 240 twice the length of 
the tree ; .then 240)12800 = 53 feet and 4 inches, the 
height of the upright part. 

3. 60 X 50 = 2500, and 30 x 30 =^ 900 ; then 2500 

— 900 = 1600, and 50 x 2 = 100 ; theri 100)1600 « 

16 chains the length of the perpendicular, and 50 — 16 

= 34 chains, the hypotenuse. 

f 

PROBLEM VIII. "" 

EXAMPLES. 

1. 60 X 60 = 3600 the square of the sum of the hypo- 
tenuse and perpendicular, and 24 x 24=a576 the square 
of the base ; then 3600 + 576 = 4176, and 60 x 2 -• 
120 twice the sum ; th^n 120)4176 « 34,8 chains, the 
length of the hypotenuse. 

2. 106 X 100 = 10000 the square of the length of 
the tree, and 30 x 30 = 900 the square of the base ; 
then 10000 + 900 = 10900, and 100 x 2 = 200 twice 
the length of the tree ; then 200)10900 ^ 64,5 feet, the 
lenofth of the broken part. 

OF EdUILATERAL TRIANGLES. 

PROBLEM I. 

EXA.MFLES. 

L 20 x 20 « 400 the square of the side, and ,433013 
the area of an equilateral triangle whose side is one ; 
then ,433013 x 400 - 173,2052 square chains ; then 
10)173,2052 = 17,32052 acres. 

2. 30 X 30 = 900 square feet; then 9)900 « 100 
square yards, and ,433013 x 100 » 43,3013 square 
yards^ tne area« 
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3. 40 X 40 = 1600, and ,433013 X 1600 = 692,8208 
squs^re rods ; then 160)692,8208 = 4,33005 acres. 

|>ROBLEM II. 
{iXAMPLES. 

1. 20 X 20 = 400 the sq. are of the given side ; then 
fU3 the perpendicular in ar tquilateral triangle must fell 
on the middle of the side, therefore 2)20 « 10 chain^ 
the distance from the angles where the perpendicular 
strikes the base ; then 10 X 10 == 100, and 400 — 100 
.» 300 the square of the perpendicular ; then v300 «= 
17,32 + chains, the perpendicular required, 

2. 12 X 12 =. 144, and 2)12 = 6, and 6 X 6 = 36 ; 
then 144 — 36 == 108 and vl08 ^ 10,3923 +, 

|>R09LEM 11^, 

EXAMPLES. ! 

1. 11 X 4 + 3 = 47 roods, and 47 x 40 + 16 = 
1896 the area in square rods ; then 1896 X 2 = 3792, 
and 13,8564 X 4 =« 55,4256 rods, the length of the per- 
pendicular ; then 55,4256)3792 = 68,416 + rods. 

2. 1x4 + 2 = 6 roods, and 6 X 40 + 15 = 255 
rods the area, and 255 X 2 = 510 square rods twice the 
area, 21,26 rods the prpendicular ; then 21,26)510 = 
23,9887 + rods, the length of the side, 

PRQBLEli^ IV, 
EXAMPLE. 

1. 11 X 4 + 3 == 47 roods, and 47 x 40 + 16 = 
1896 square rods the area, and 1896 x 2 » 3792 square 
rods in twice the area, and 16)379? = 237 square chains 
in twice the area, and 16)237 ^. 14,8125 chains, the 
perpendicular required. 

PROBLEM V, 

EXAMPLES*. 

1. 24 X 10 >" 240 square chains the area, and 
,433013)240 » 554,2558 the square of the side ; Aeu 
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v554,2658 » 23^426 chains, the length of the side 
required. 

2. 4 acres, 2 roods, and 5 rods = 726 square rods in 
the area ; then 16)725 = 45,3126 square chains the 
area ; then ,433013)45,3125 = 104,6446 the square of 
the side ; then vl04,6446 == 10,229 + chains, the 
length of the side. 

3. 1 chain = 66 feet ; then 66 X 66 = 4356 square 
feet the area, and ,433013)4356 = 10059,744 the square 
of the side ; then vl0059,744 =» 100,29 feet, the side 
of the triangle. 

PROBLEM VI. 

EXAMFLES. 

1. v3 = 1,732052, and 1,73205 « ,866026 ; thea 
,866026)46,40 = 62,4233 chains. 

2. 26 + 32 + 19 = 77 rods the sum of the three per- 
pendiculars, and .866026 half the square root of the num- 
ber 3 ; then ,866026)77 -= 88,9 rods, the length of the 
side ; then 88,9 x 88,9 X ,433013 « 3422,19 + and 
160)3422,19 + = 21,39 — acres. 

3. 16,5 + 24 + 32,6 = 73 feet the sum of the 3 per- 
pendiculars ; then ,866026)73 ^ 84,29 feet the leii^h 
of the side of the triangle ; then 84^ x 84,29 x ,433013 
«= 307,6472 + square feet the area ; then 272,25 square 
feet in 1 square rod ; then 272,25)307,6472 + «= 1,13 
+ square rods, the area required. 

OF THE ISOSCELES TRIANGLE. 

PROBLEM I. 
BSAMFLE8. 

1. 24 X 24 =«t 576 the square of one of the equal 
sides, and 2)32 ^ 16 feet ; then 16 X 16 « 256 the 
square of half the base ; then 576 — 266 = 320 the 
square oi the perpendicular ; then v320 =■ 17,8885 + 
the length of the perpendicular ; then 2)32 =16 feet 
half tfce base of the triangle, and 17,8885 X 16 =« 286,- 
816; the number of square feet the triangle contains, 

2* 
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and 272,25 the number of square feet in one square 
rod ; therefore 272,25)286,216 = 1,0513 — rods, the 
area of the triangle, 

2. 30 X 30 =5= 900 the square of one of the equal 
sides, and 2)85 =^ 12,5 chains half the base, and, 12,5 
X 12,5 = 156,25 the square of half the base, and 90Q 
— 156,25 =»» 743j75 rtie square of the perpendicular, 
and v743,75 =- 27,2717 + chains the lei^h of th^ 
perpendic^lar ; then 27,2717 >; 12,5 = 340,89625 
square chains =^ ^^ 34 acres and 14 rods. 

PROBLEM IK, 
EXAMPLES.. 

1, 4 X 21 T= 8 square rods twice the area ; then 272,-. 
25 X 8 = 2178 square feet in twice the area, anct 
18)2178 = 121 feet the length of th^ perpendicular^ 
and 121 x 121 = 14641 the sqi;iare of the perpendicu- 
lar, and 2)18 = 9 feet half the base ; then 9 x 9 ^ 81 
the square of half the base ; thQ^ 1464X -f 81 = 14722> 
the square of one of the equal sides ; then vl4722 =9l 
121^3342 feet, the length of each of the equ?J sides. 

2, j48 X ? =T= 96 square rods twice the area ; then 
8)96 »r 12 rods, the perpendicular ; then 12 x 12 -« 144 
the squa^Q of the perpendicular^ and 2)8 = 4 rods half 
the base ; then 4x4 ^16 the square of half t;he base ; 
then 144 ■+■ 16 = 160 the square of the equal side; 
then vl60 === 12^649 + rods, the length of e^qh of the 
equal sides. 

OF SOALENE[ TRIANGLES, 

PROBLEM I. 
EXAMPLES;. 

1. 2)18 =* 9 rods half the lei\fftlx of the base> and 9 x 
9 =» 81 square rods; the area ; men 16)81 =? 5i square 
chains, the answer: required^ 

2. 15 X 66 -^ 990 feet the l^gth of the bftse; then 
2)18 « 9 feet half the perpendicular ; then 990 x 9 -* 
8910 feet the area ; then 8910 -♦- 272,25 *?. 32,7272 sq, 
rods, the area. 
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3. 160 X 4 « 640 X 2 =« 1280, twice the area in 
rods, and 18)1280 = 71i rods, the length of the per- 
pendicular. 

PROBLEM lU 
EXAMPLES. 

1. 16 + 18 + 24 = 58 chains, the sum of the » 
sides ; then 2)58 «= 29 the half sum ; then 29 — 16 =^ 
13, and 39 — 18 = 11, and 29 — 24 = 5 ; then 29 x 

13 X H X 5 :^ 20735 ; then v20735 ^ 144 — square 
chains ; then 10)144 = 14,4 — acres nearly. 

2. 12 + 16 + 20 = 48, and 2)48. =;= 24 rods the half 
sum of the 3 sides ; then 24 — 1? =^. 12, and 24 — 16 
= 8, and 24 — 20 = 4; then 24 x 12 X 8 x 4 = 9216,. 
a^id v9216 = 96 square rods, the area required. 

3. 2,4 + 36 + 44 == 104 feet the sum of the 3 sides ; 
2)104 = 52 the half sum ; the^ 52 — 24 = 28, and 58 
— 36 = 22, and 58 — 44 = 14 ; thw 52 x 28 x 22 x 

14 = 448448 the square of the area ; then v448448 = 
669,6626 square feet ; then 272,25)669,66^ = 2,46 — 
square rods nearly, 

PROBLEM III.. 
EXAMPLES. 

1. 20 : 14 + 1» : ? 18 — 14 : 6,4 the difference of 
the segments of the base ; then 2)6,4 = 3,2 feet half 
their £iF6rence ; then 2)20 = 10 feet half the base ; 
then 10 + 3,2 = 13,2 the longer of the two segmentSj 
and 10 — 3,2 =« 6,8 feet the shorter, and 14 feet the 
shorter side ; then 14 X 14 *= 196 the square of the 
shorter ade, and 6,8 X 6,8 = 46,24 the square of the 
shorter segment; then 196 — 46,24 == 149,76, and 
vl49,76 = 12,2376 + feet, the length of the perpendi- 
cular. 

2. 80 : 60 + 40 : : 60 — 40 : 2^ the difierence of the 
two segments; then 2)25 = 12,5 chains half the diflfep- 
ence, and 2)80 = 40 chains half the base ; then 40 + 
12)5 » 52,5 chains the greater of the two segments^ 



20 MENSURATION OF SUPERFICIES. {Bvc I. 

and 40 — 12,5 » 27,5 chains the less of the segments ; 
then 40 X 40 » 1600 the square of the shorter side, 
aad 27,5 x 27,5 = 756,25 the square of the less seg- 
ment ; then 1600 — 756,25 = 843,75 chains the square 
of the perpendicular ; then v843,75 = 29,0473 + 
chains, the length of the perpendicular. 

PROBLEM IV. 
EXAMPLES. 

1. 3 + 4 + 6 =» 13 chains the sum of the sides given, 
and 2)13 = 6,5 the half sum ; then 6,5 — 3 » 3,5, and 
6,5 — 4 = 2,5, and 6,5 — 6 = ,5 ; then 6,5 x 3,5 X 
2,5 X >5 = 28,4375 the square of the area ;^ then v28,- 
4375 ^ 5,3326 + the area of the triangle given ; then 
5,3326 : 3 X 3 : : 10 chains : 16,8773 the square of the 
shorter side of the required triangle ; then Vl6,8773 =» 
4,10825 — chains the shortest side ; then 3 : 4,1082 : : 
4 : 5,4776 chains the second side, and 3 : 41082 : : 6 : 
8,2164 chains, the longest side. 

2. 120 X 4 + 3 = 483 roods, and 483 x 40 + 4 =- 
19324 square rods the area of the triangle whose sides 
are required, and 9 -|- 8 + 6 = 23, sum of the propor- 
tionated sides ; then 2)23 =» 11,5 the half sum, aad 

11.5 _ 9 = 2,5, and 11,5 — 8 = 3,5, and 11,5 — 6 =- 
6,5 ; then 11,5 X 2,5. X 3,5 X 5,5 =» 553,4375 the square 
of the area according to the given proportion ; then 
v553,4375 ^ 23,5252 + square rods the area ; then 
23,5252 : 6 X & : : 19324 : 29571 rods the square^f the 
shortest side ; then v29571 = 172 — rods the length 
of the shortest side ; then 6 : 172 : : 9 : 258 the length 
of the longest side, and 6 : 172 : : 8 : 229f the other^ 

3. 5 + 11 + 13 » 29 the sum of- the sides in the 
given proportion; then 2)29 « 14,5 chains the half 
sum, and 14,5 — 5 = 9,5, and 14,p — 11 = 3,5, and 

14.6 — 13 = 1,5 ; then 14,5 x 9,5 X 3,5 x 1,5 = 723,- 
1875 the square of the area corresponding with the 
given proportion ; then v723,1875 — 26,89» chains the^ 
area ; then 26,892 : 6 x 6 : : 100 : 92,9644 the square^ 
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of the shortest side ; then ^92,9644 = 9,64 chains the 
shortest side ; then 5 : 9,64 :: 11 : 21,208 the second 
side, and 5 ; 9,64 : : 13 : 25,064 chains, the longest side. 

PROBLEM V. 
EXAMPLES. 

1. 5 acres, 2 roods, 26 rods = 90S rods the area, and 
40 chains x 4 = 160 rods, and 2)160= 80 rods the half 
sum of the 3 sides ; then 80 x 80 == 6400 the square of 
the half sum, and 18 X 4 == 72 rods the length of the 
given side ; then 160 -^ 72 == 88 rods the sum of the 
two unknown sides ; then 88 — 80 =» 8 rods the diflfer- 
ence, and 8 X 8 == 64 the square of the difference ; then 
6400 X 64 = 409600, and 905 x 905 = 819025 the 
square of the area, and 409600 + 819025 - 1228635 
the dividend, and 88 — 80 »=? 8 ; then 80 x 8 = 640 
divisor, and 640)1228635 = 1919,74219 — , and 2)88 
= 44, and 44 X 44 = 1936 ; then 1936 — 1919,74219 
■= 16,25781, and vl6,25781 =- 4,032 half the difference 
of the two unknown sides ; then 2)88 = 44 the half 
sum, and 44 + 4,032 = 48,032 rods the longer of the 
two sides, and 44 — 4,032 =? 39,968 rods, the shorter 
side. 

2. 50 + 20 =« 70 rods the sum of the three sides^ 
and 2)70 =» 35 rods the half sum ; then 35 x 35 = 
1225 the square of the half sum, and 50 — 35 = 15 
rods the diflference ; then 15 X 15 =«=. 225 the square of 
the difference ; then 1225 X 225 =^ 275625, and 160 x 
160 = 25600 the square of the area ; then 275625 + 
25600 =- 301225 the dividend, and 35 x 15 - 525 the 
divisor ; then 525)301225 = 573,7619, and 2)50 « 25 
the half simi of the two unknown sides ; then 25 x 25 
- 625 the square, and 625 — 573,7619 « 51,2381, and 
v51,2381 =» 7,158 rods half the difference of the two 
unknown sides, and 25 the half sum ; then 25 + 7,158 
■^ 32,158 rods the lon^r side, and 25 — 7,158 «« 17,- 
842 rods, the shorter side. ^ 

3. 20 + 30 » 50 feet the sum of the three sides ; 
then 2)50 » 25 the half sum, and 25 k 25 » 626 the 
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square, and 30 — 26 » 5 the difference, and 6 x 5 » 

25 the square of then: difference ; then 625 x 25 » 
16625, and 11375 the square of the area given in the 
question ; then 15625 + 11375 = 27000 &e dividend, 
and 25 X 5 = 125 the divisor ; then 125)27000 = 216 
the product of the two required sides ; then 2)30 == 15 
half the sum of the required sides, atid 15 X 15 = 225, 
and 225 — 216 = 9 the square of half their difference ; 
then v9 = 3 half their difference, and 15 + 3 = 18 
feet the longer side, and 15 — 3 =* 12 feet, the shorter. 

OF THE TRAPEZIUM. 

PROBLEM I. 
EXAMPLES. 

1. 24,27 X 21,14 = 513,0678, and 2)513,0678 = 
356,5339 chains the area ; then 10)256,5339 = 25, 
(55339 acres = 25 acres, 2 roods, and 24 rods. 

2. 33 X 24 = 792, and 2)792 = 396 rods ; then 
160)396 = 2 acres, 1 rood, and 36 rods. 

3. 56 feet 3 inches + 60 feet 9 inches = 117 feet the 
$um of the perpendiculars; 108,6 X 117 = 12694,6, 
pnd 2)12694,5 = 6347,25 square feet the area, and 
872,25)6347,25 = 23,314 square rods, the answer re- 
quired. 

4. 22,4 + 28,3 = 50,7 chains the sum of the perpen- 
diculars, and 60,7 x 80,6 « 4081,36, and 2)4081,36 = 
#i040,675 square chains the area; then 10^2040,675 
<^ 204,0676 acres » 204 acres, 2 roods, and 28 rods. 

OP THE TRAPEZOU). 

PROBLEM I. 
SXiJIFX.£8. 

I. 24,46 + 38,40 » 62,86 chains the sum of the two 
parallel sides ; then 62,86 x 16,2 » 1018,332 the pro- 
duct of the sum of the parallel sides by the perpendicu- 
lar ; then 2)1018,332 * 609,166 square chains ; then 
10)509,166 ^ 60,9166 acres «i 60 acfes, 3 roods, and 

26 rods. 
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a 12,75 + 16,67 — 29,42 rods the sum of the two 
parallel sides, and 29,42 x 4,5 - 132,39, and 2)132,39 
-» 66,195 square rods, the area required. 

3. 14,5 + 24,76 — 39,2^ feet the sum of the two 
parallel sides; then 39,25 X 8,25 « 323,8125, and 
2)323,8125 « 161,9 + square feet, the area. 

4. 5,16 + 9,14 «» 14,30 chains the sum of the two 
parallel sides, and 14,3 X 3,07 « 43,9, and 2)43,9 — 
21,95 square chains ; then 21,95 X 16 » 351,2 square 
rods. 

OP REGULAR POLYGONS. 

PROBLEM I. 
EXAMPLES. 

1. 25 X 5 » 125 feet the perimeter ; then 2)125 » 
62,5 feet half the perimeter ; then 62,5 X 17,2 « 1075 
feet, the area required. 

2. 14,6 X 6 = 87,6 feet the perimeter ; then 2)87,6 
« 43,8 half the perimeter ; then 43,8 x 12,64 = 553,- 
632 square feet the area, and 272,25)653,632 — 2,0335 
square rods, the area required. . 

3. 19,38 X 7 « 135,66 chains the perimeter ; then 
2)135,66 = 67,83 chains half the perimeter, and 67,83 
X 20 =« 1356,6 square chains the area ; then by divid- 
ing by 10 = 135,66 acres, the answer required. 

4. 9,941 X 8 = 79,528 feet the perimeter, and 2)79,- 
528 « 39,764 feet half the perimeter ; then 39,764 x 
12 = 477,168 square feet the area ; then 272,25)477,- 
168 =« 1,7526 square rods the area required. 

PROBLEM II. 

EXAMPLES. 

1. 25 X 25 X 1,720477 - 1075,298 + feet, the area. 

2. 24 X 24 X 2,598076 « 1496,49 + square feet. 

3. 16 X 16 X 3,633912 — 930,28 + square feet, the 
area required. 

4. 12,5 X 12,6 X 4,828427 - 764,4417 + square 
feet ; then 9)764,4417 ^ 83,8268 -f square yards, the 
area required. 



I 
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6. 15 X 15 X 6,181824 =» 1390,91 + square chains 
=* to 139 acres and 14 perches^ 

6. 12 X 12 X 7,694209 - 1107,966 square inches j 
then 4 X 4 = 16 square inches in one piece, and 
16)1107,966 - 69,248 — pieces. 

7. 4 X 4 X 9,36564 « 149,85 4- square rods, the area^ 

8. 9 X 9 X 11,196152 - 906,888 + square inches; 
then 144)906,888 =- 62,98 — square feet nearly. 

PROBLEM III. . 
£XAMPLES. 

1. 4 X 160 = 640 perches ; then 1,720477)640 ^ 
371,9898 the square of the side ; then v371,9898 = 
19,287 + perches, the length of the side. 

2. 4,828427)560= 115,9798 the square of the side ;- 
then vl 15,9798 = 10,769 + feet, the length of the side. 

3. 2,598076)160 = 61,584 the square of the side ; 
then v61,584 = 7,8475 + perches, the length of the 
side. 

TO DIVIDE A SQUARE. 

■ 

PROBLEM I. 
EXAMPLES. 

1. 15 X 10 =^ 150 square chains the area, and 16)150 
■= 9,375 chains, the answer required. 

2. 10 X 10 = 100 square chains the area; then 20,- 
14)100 = 4,985 chains. 

3. 5 X 4 + 2 = 22, and 22 X 40 + 14 = 894square 
rods the area, and v894 = 29,9 — rods nearly, length 
of the side ; then 3 x 4 = 12 roods, and 12 x 40 + 6 
= 486 square rods the area to be cut off; then 29,9)486 
= 16,254 + rods, the length of the required side. 

PROBLEM II. 
EXAMPLES. 

1 2)10,lS *» 5,09 X 10,18 « 51,3l62 squafe chains* 
half the area of the square ; then 61,3162 : 10,lff >^ 
10,18 : : 40 chains the area left : 80 chains the square! 
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of the required side ; then v80 = 8,9442 + chains, the 
sides required! 

2. 2)160 == 80 square rods hatf the area, and 160 
ifods the area, and consequently the square of one of 
its sides ; then 80 : 160 : : 25 : 60 rods the square of 
the side of the isosceles triangle required j then v50 =^ 
7,071 rods, the length of the side. 

* OF THE DIVISION OP A PARALLELOGRAM. 

PROBLEM I. 

EXAMFLESi ' 

1. 18,16 X 12)15 = 220,644 square chains the area ; 
then 220,644 — 120 = 100,644 ; then 12,15)100,644 
i= 8,2834 + chains, the length of the side required. 

2. 4 X 10 *^ 40 square chains ; then 12)40 = 3 J 
chains. 

PROBLEM II. ; 

EXAMPLES. 

1. 12,48 X 18 = 224,64, and 2)224,64 = 112,32 
chains half the area of the triangle, and 18 X 18 = 324 
the square of the longest side ; then 112,32 : 324 : : 70 
: 201,9237 the square of the longer side of the triangle ; 
then v201,9237 = 14,21 — chains the longer side, and 
12,48 X 12,48 = 155,7504 the square of the shdrter 
side ; then 112,32 : 155,7504 : : 70 : 97,0666 the square 
of the shortest side of the required triangle ; then v97,- 
0666 = 9,85 + chains, the shorter side. 

2. 5 X 4 =^ 20 rods the shortest side, and 12 x 4 + 
3 = 51 roods, and 51 x 40 = 2040 square rods the area 
of the parallelogram ; then 2)2040 = 1020 square rods 
half the area ; then 1020 : 20 x 20 : : 720 rods = 4,5 
acres : 282,353 — the square of the shortest side of the 
triangle ; then v282,353 =» 16,8 + rod^ the shortest 
side, and 720 X 2 = 1440 square rods twice the area of 
the triangle ; then 16,8)1440 = 85,7 + rods, the length 
of the longest side. 

3. 9 X 4 + 2=^ 38 roods, and 38 x 40 + 16 = 1536 
square rods the area ; then 16)1536 ^ 96 square chains 

3 
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the area ; then 96 x 2 = 192, and 3)192 =* 64 chams 
the square of the shortest side of the parallelogram ; 
then v64 = 8 chains the shortest side ; then 2 : 8 : : 3 
: 12 chains the longest side ; then 96 : 12 x 12 : : 30 
chains : 45, the square of the longest side of the required 
triangle ; then v45 = 6,708 + the longest of the pro- 
portional sides ; then 3 : 6,708 : : 2 : 4,472 chains the 
shortest side. 

OF THE DIVISION OF TRIANGLES. 

PROBLEM I. 

EXAMPLES. 

1. 2 -4- 20 =« 10 chains half the base ; then 12,14 X 
10 = 121,4 the area of the triangle, and 2 -4- 121,4 ==* 
60,7 square chains half the area, and 20 x 20 == 400 
chains the square of the base ; then 121,4 : 400 : : 60,7 
: 200 the square of the required base ; then v200 = 14,- 
1421 + chains the length of the base, measuring from 
the vertical angle, and 20 — 14,1421 = 5,8579 — the 
other part. 

2. 2 -J- 1^ = 6 rods half the perpendicular ; then 18 
X 6 = 108 rods the area of the triangle ; then 108 X 2 
= 216, and 3 h- 216 = 72 square rods = f of the area, 
the quantity left at the vertical angle ; then 108 : 12 x 
12 : : 72 : 96, and v96 = 9,798* — ; then 12 — 9,798 
= 2,002 + rods the length of the perpendicular of the 
section adjoining the base ; then 3 -s- 108 = 36i of the 
whole area ; then 108 : 12 x 12 : : 36 : 48 the square of 
the perpendicular of the section left at the vertical angle ; 
then v48 = 6,921 — rods, length of the perpendicular 
from the vertical angle ; then 9,798 — 6,921 -- = 2,877 
rods length of the perpendicular of the middle section ; 
therefore the lengths 6,921 — , 2,877, and 2,202 rods 
required. 

3. 2 + 3 + 4 = 9 the sum of the proportional num- 
bers ; then 9 — 4 = 5 the proportional quantity left at 
the vertical angle afl«r the greater proportional part has 
been cut off, and 24 x 24 — 576 the squarfe of the base ; 
tiien 9 : 576 : : 5 : 320 tiie square of the remaining part 
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.of the base after the greater section has been cut oflf; 
.then v320 = 17,889 + chains the length of the base 
after the first division ; then 24 — 17,889 += 6,111 — 
chains length of the base of the greater section, and 9 
—-7 = 2 the proportional quantity at the vertical anffle ; 
then 9 : 576 : : 2 : 128 the square of the base of the less 
part ; then vl28 = 11,3137 + chains length of the base 
of the section left at the vertical angle ; then 17,889 — 
11,3137 =^ 6,5753 chains length of the base of the mid- 
dle section ; then the lengtl^ are 11,3137 — , 6,5753, 
and 6,111 chains, the answer required. 

PROBLEM II. 
EXAMPLES. 

1. 12 X 12 X ,433013 - 62,353872 chains the area 
of the given triangle ; then 62,353872 x 2 + 3 = 41,'^ 
669248 the area left at the vertical angle after the sec- 
tion adjoining has been cut off; then 62,353872 : 12 x 
12.: : 41,569248 : 96 the square of the side left after the 
first division ; then v96 = 9,798 — the length of the 
side where the second division line must be drawn, and 
3 -4- 62,353872 = 20,784624 area left after the second 
division ; then 6,2353872 : 12 x 12 : * 20,784624 : 48 
the square of the side left after the second division ; 
then v48 = 6,921 — chains the side left after the 
second division ; therefore the distances firom the verti- 
cal angle are 6,921 and 9,798 chains. 

2. 12 -f 18 -f 20 = 50 rods the sum of the three 
sides, and 2 -*- 50 = 25 the half sum, and 25 — 20 = 5, 
and 25 — 18 = 7, and 25 — 12 = 13 ; then. the differ- 
ences between the half sum and each of the given sides 
are 5, 7, and 13 ; then 25 x 5 x 7 X 13 = 11375 the 
square of the area ; therefore vll375 = 106,6532 — 
square rods the area of the given triangle ; then 2 -i- 
106,6532 — = 53,3266 — half the area; then 106,- 1 
6532 : 12 X 12 : : 53,3266 : 72 the square of the dis- 
tance required on the shortest side ; then v72 = 8,485 
rods firom the angle opposite the base where the divi- 
sion line must be drawn on the shortest side. To find 
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the distance on the other side, proceed in the san^ 
manner wilii the square of 18 the given side. 

3. 4 + 5 + 7 = 16 the sum of the three sides ; then 
2 -*- 16 == 8 the half sum ; then 8 — 4 = 4, and 8 — 5 
= 3, and 8 — 7 = 1; then the three differences arf 4, 
3, and 1 ; then 8 x 4 x 3 x 1 = 96 the square of the area 
according to the given proportion ; then v96 = 9,798 — 
square chains, the area of a triangle whose sides are 4, 
5, and 7 chains ; then 9,798 : 7 x 7 : : 21 x 10 : 1050,21 
the square of the base of a triangle of similar propor- 
tions containing 21 acres ; then vl050,21 = 32,4 
chains the length of the base ; then 21 x 10 x 2 = 420 
chains twice the area, and 32,4 -f- 420 = 13 — chains 
the length of the perpendicular of the triangle contain- 
ing 21 acres, and 2 + 3 -f 5 = 10 the sum of the pro- 

^ portional parts of the sections, and, 10 — 5 = 6 the 
proportional part left at the angle opposite the base ; 
then 10 : 13 X 13 : : 5 : 84,5 the square of the distance 
from the vertical angle to the line cutting off the pro- 
portional part adjoining the base ; then v84,5 = 9,- 
0194 + chains the distance, and 10 — 8 = 2 the pror 
portional quantity left at the vertical angle after the 
second division ; then 10 : 13 x 13 : : 2 : 33,8 the 
square of the distance from the vertical angle to the 
second division line ; then v33,8 = 5,0872 chains the 
distance ; then 13 — 9,0194 = 3,9806 chains the per^ 
pendicular distance between the two greater propor- 
tions, and 9,0194 — 5,0872 = 3,9322 chains, the per^ 
pendicular distance between the two less. * *■ 

4. 3x2 = 6, and 2 -s- 6 = 3 square chains the area 
of the proportional triangle, and 12 x 10 = 120 square 
chains the area given in the question ; then 3:2x2:: 
120 : 160 the square of the perpendicular of the trian-. 
gle containing 12 acres ; then vl60 = 12,649 + chains 
the length of the perpendicular, and 3:3x3:: 120 : 
360 the square of the base, and v360 = 18,9736 + 
chains the length of the base ; then 12 x 10 = 120 
chains the area, arid 3)120 = 40 chains the one-third 
P^rt of the area to be cut off; then 180 — 40 ^^ 80 
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square chains to be left at the vertical angle ; then 120 :: 
160 the square of the perpendicular : : 80 : 106,6666 
the square of the perpendicular left afl;er the first divi- 
sion ; then vl06,6666 = 10,328 — the length of the 
perpendicular, and 120 : 160 : : 40 : 53,3333 the square 
of the perpendicular left after the second division ; then 
v53,3333 = 7,303 — the length of the perpendicular 
after the second division ; then 12,649 — 10,328 = 2,- 
321, and 10,328 — 7,303 = 3,025 chains, the distances 
required. 
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SECTION II. 



MENSURATION OF CIRCLES. 

PROBLEM I. 

EXAMPLES. 

1. 3,1416 X 12 = 37,6992 rods, the circumference, 
required. 

2. 3,1416 X 18,3 :;= 67,4918 chains. 

' 3. 5 X 12 + 2 =? 62 inches the diameter ; then 3^ 
1416 X 62 = 194,7792 inches = 16 2316 feet, 

PROBLEM 11^ 
EXAMPLES. 

1. 3,1416)16= 6,Q929 + chains, the diameter required. 

2. 16,5 X 2 = 33 feet ; 3 ■*- 33 = 11 feet the circum^ 
ference of the wheel ; 3,1416)11 = 3,6 + feet, the dia- 
meter required. 

3. 16,5 -*. 3,1416 = 5,2521 + feet, the diameter. 
»" 

PROBLEM III.. 
EXAMPLES. 

1. 16 X 16 X ,7854 =; 201,0624 square chains, which 
divided by 10 = 20,10624 = 20 acr^s, roods, and 17 
perches nearly. 

2. 18 X 18 X ,7864 =» 254,4696 square rods the area, 
and 160)254,4696 = 1,69 + acres, the area required. 

3. 4,25 X 4,25 x ,7854 - 14,1862875 square feet. 

4. 16,6 X 6 = 99 feet the diameter ; then 99 X 99 X 
,7854 X ,08 = 616,816432 dollars, 

PROBLEM IV. 

EXAMPLES. 

1. 5 X 4 + 3 X 40 + 26 = 946 square rods the area 
of the circle ; then ,7854)946 =- 1304,48 rods the sq^wxQ 
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of the diameter ; then vl204,48 — 34,7 rocis^ the dia- 
meter. 

2. ,7854)5 == 6,3662 — chains the square of the dia- 
meter ; then v6,3662 » %523 + chains, the diameter 
reo Hired 

3. 10 X 2 = 20 chains the area, and ,7864)20 = 25,- 
4647 + chains the square of the diameter of a circle 
containing two acres ; thift v25,4647 =«= 5,0462 -f- the 
diameter ] then 2 -h 5,0462 = 2,5231 chains, the length 
of the rope. 

4. 160 + 120 « 280 rods the ar^a given ; then 
,7854)280 = 356,5 rods the square of the diameter ; 
then v356,5 = 18,8812 + rods the diameter, and 18,- 
8812 X 16,5 X 12 «= 3738,4776 inches the diameter ; 
then 3738,4776 x 2 + 3 =^ 2492,3184 dollars, the an- 
8wer. 

PROBLEM V. 
BXJUCPLES. 

1. 24 X 24 X ,07958 = 45,83808 square chains, which 
divided by 10 gives 4,583808 = to 4 acres, 2 roods, and 
X3 perches. 

2. 120 X 120 X 07958 = 1145,95 2square rods the 
area ; then 160)1145,952 = 7,1622 acres, the answer 
required. 

3. 5,5 X 5,5 X 07958 X 9 = 21,665 + square feet, 
the area required. 

PROBLEM VX. 
SZABIFItES. 

1. 2 X 4 + 3 = 11 roods, and 11 x 40 + 12 = 462 
square rods the area ; then ,07958)452 = 5680 — the 
square of the circumference ; then V5680 = 75,3667 
rods, the circumference required. 

. 2.., 07968)160 « 2010,5554 rods the square of the 
circumference ; th«i v2010,5664 *» 44^839 + rods, the 
circumference lequixed. 

3. 4)46,50 = 11,625 square rods the area; then 
,07958 -4- 11,625 =^ 146,08 — rods the square of th^ 
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circumference ; then vl46,08 = 12,0863 + rods the 
circumference ;16xl2 + 6== 198 the number of 
inches in one rod ; then 198 x 2 = 396, and 3)396 == 
132 the number of dollars which would enclose one 
rod ; then 12,0863 x 132 = 1595,3916 dollars, the an^ 
swer required. 

PROBL^ VII. 

EXAMPLES. 

1. 3,1416 X 100 = 314,16 feet the circumference ; 
then 360 : 314,16 : : 16 : 13,9626 feet, the length of the 
arc required. 

2. 3,1416 X 36,25 = 113,883 feet the circumference ; 
then 360 : 113,883 : : 30 : 9,49 + feet, the length of the 
arc required. . * 

3. 360 : 24,64 : : 41 : 2,8062 chains,, the length of the 
arc required. 

PROBLEM VIII. 
EXAMPLES^ 

1. 2)12 = 6 feet half the chord; then 6 X 6 = 36 the 
square of half the chord ; then 2)36 = 18, and 18 + 2 
= 20 feet, the diameter required. 

2. 2)2,16 =^ 1,08 the half chord ; then 1,08 X 1,08 = 
1,1664 the square of half the chord ; then ,80)11664 = 
1,458, and 1,458 + ,80 = 2,258 chains, the diameter 
required. 

3. 2)5 = 2,5 rods the half chord ; then 2,5 X 2,5 = 
6,25 the ;squafe of half the chord ; then 2)625 = 3,125, 
•rf 2 = 5,125 rods, the diameter required. 



PROBLEM IX. 

EXAMPLES. 



1. 4 X 12 + 6 = 54 inches the diameter of the drcfe j 
then 54 — 7 = 47, and 47 X 7 == 329 inches the square 
of half the chord ; then v329 = 18,1383 inches half the 
chord ; then 18,1383 x 2 == 36,2766 inches the chord; 
- 3,023 feet. 

2. 18 — 2 = 16 X 2 « 32 feet the square of half the 
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chord ; then v32 «= 5,6568 + feet half the chord ; then 
5,6568 X 2 = 11,3136 feet, the length of the chord. 

8. 30 — 3 = 27 X 3 == 81 chains the square of half 
the chord ; then v81 = 9 chains the half chord, and 9 
X 2 = 18 chains, the length of the chord. 

PBOBLEM X. 
£ZAMFLES. 

1. 2)48 « 24 feet half the chord, and 24 X 24 = 576 
the square of half the cjiord, and 18 x 18 =» 324 the 
square of the versed sine ; then 576 + 324 = 900 the 
sum of their squares, and v900 = 30 feet the length of 
the diagonal ; 30 — 24 = 6 feet the difference between 
the diagonal and half the <;hord ; then 6 x 5 = 30, and 
14)30 = 2,143 — ; th^ 30 + 2,143 = 32,143 — feet, 
the length of half the arc ; then 32,143 x 2 === 64,286 
feet, the length of the arc. 

2. 2)40 = 20 ; then 20 X 20 =« 400 the square of 
half the chord, and 15 x 15 =« 225 the square of the 
versed sine, and 400 + 225 = 625 the sum of their 
squares ; then V625 = 25 the diagonal ; 25 — *20 = 6 
the difference between the dis^ndi and half the chord ; 
then 5x5 = 25, and 25 divided by 14 = 1,7857 + 25 
= 26,7857 half the length of 1he arc ; then 26,7857 x 
2 = 53,5714 length of the arc. 

3. 36 — 2 -= 34, and 34 x 2 == 68 the square of half 
the chord ; then 2x2 = 4 the square of the versed 
sine ; then 68 + 2 = 70 the sum of their squares, and 
v70 = 8,3666 + the length of the diagonal, and v68 = 
8,2462 ; then 8,3665 — 8,2462 = ,1204; then 1204 X 
5 = ,6020 which divided by 14 = ,043 • then §,3666 + 
043 = 8,4096 half the arc ; then 8,4096 X 2 = 16,8192 
the length of the arc required. 

4. 60 — 12 = 48, and 48 X 12 =» 576 the square of 
half the chdrd ; then v576 = 24 the half chord, and 12 
X 12 = 144 the square of the versed sine ; then 576 + 
144 = 720 the sum of their squares, and v720 = 26,- 
8328 + tfce length of the diagonal ; iJiea 26,8328 — 24 
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« 2,8328 ; 2,8328 X 5 = 14,164 ; then 14)14,164 =1,- 
0117 +; then 26,8328 + 1,0117 = 27,8445 half the 
arc, and 27,8445 x 2 = 55,689 the length of the arc 
required. 

PROBLEM XI. 

EXAMPLES. 

1. 2)40 = 20 half the chord ; then 20 X 20 = 400, 
and 15)400 = 261, and 26f + 15 = 41f, the diameter 
of the circle, and 15 X 15 = 225 the square of the 
versed sine, and 400 the square of half the chord ; then 
400 -j- 225 = 625 the sum of their squares, and v625 
«=: 25 the length of the diagonal ; then 25 — 20 = 5 
the difference between the diagonal and half the chord ; 
then 5 X 5 = 25, and 25 divided by 14 = 1,7857 4-, 
and 25 + 1,7857 = 26,7857 + half the arc, and 2)4H 
5= 20f half the diameter = 125 divided by 6 ; then 26,- 
7857 X 125 and divided by 6 = 558,0354 the area of 
the sector required. 

2. 50 — 12 = 38, and 38 X 12 = 456 the square of 
half the chord ; then 12 X 12 = 144 the square of the 
versed sine, and 456 + 144 = 600 the sum of their 
squares, and v600 = 24,495, and v456 = 21,354 + the 
half chord, and 24,495 — 21,354 = 3,141, and 3,141 x 
5, and divided by 14 + 24,495 = 25,616 inches half 
the length of the tire, and 2)50 « 25 inches half the 
diameter ; then 25,616 X 25 = 640,4 square inches, the 
area required. 

3. 30 X 30 = 900 inches the square of half the chord, 
and 18 X 18 = 324 the square of the versed sine ; then 
900 + 324 = 1224 the sum of their squares, and vl224 
= 35 — inches the diagonal ; then 35 — 30 = 5 inches 
the difference, and 5x5, and divided by 14 = 1,7857, 
and 35 + 1,7857 =36,7857 inches half the arc, and 30 
X 30 = 900 the square of half the chord, and 18)900 = 
60, and 50 + 18 = 68 inches the diameter of the circle, 
and 2)68 = 34 half the diameter, and 36,7857 X 34 - 
1250,7138 inches, the area required. 

4. 36 X 36 X ,7854 = 1017,8784 feet the area of the 
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circle : then 360 : 1017,8784 : : 24 : 67,8585 + feet, the 
area of the sector. 

5. 28 X 28 X ,7854 =» 616,7536 square chains the 
area of the circle ; then 360 : 616,7536 : : 124 : 212,- 
0929 + square chains, the area of the sector. 



PROBLEM XII. 
EXAMPLES TO RULE I. 

1. 2)20 = 10 chains half the chord; then 10 X 10 
100 the square of half the chord, and 4 X 4 = 16 the 
square of the versed sine ; then 100 + 16 = 116 the 
sum of their squares, and vll6 = 10,77 + chains the 
length of the diagonal, and 10,77 — 10 =* ^77^ and ^77 X 
6 H- 14 = ,275, and 10,77 + ,275 = 11,045 chains the 
length of half the arc, and 4)100 = 25, and 25 + 4 = 
29 chains the diameter of the circle ; then 2)29 = 14,5 
half the diameter ; then 14,5 x 11,045 = 160,1525 the 
area of the sector ; then 14,5 — 4 = 10,5 chains the 
perpendicular of the triangular part of the sector ; then 
10,5 X 10 == 105 square chains the area of the triangu- 
lar part of the sector, and 160,1525 — 105 = 55,1525 
square chains, the area of the segment required. 

2. 30 — 6 = 24; then 24 x 6 = 144 the square of 
half the chord, and 1/144 = 12 rods half the chord; 
then 6 X 6 = 36 the square of the versed sine ; then 
144 + 36 = 180 the sum of their squares, and vl80 =* 
13,4164 4- rods the length of the diagonal ; then 13,- 
4164 — 12 = 1,4164 rods the difference, and 1,4164 X 
6 -*^ 14 = ,506 — ; then 13,4164 + ,506 = 13,9224 rods 
the length of half the arc ; then 2)30 = 15 rods the semi- 
diameter, and 13,9224 X 15 = 208,836 square rods the 
area of the sector, and 15 — 6 = 9 rods the perpendi- 
cular of the triangular part of the sector, and 12 rods 
half the base ; therefore 12 x 9 == 108 square rods the 
area of the triangular part of the sector ; then 208,836 
— 81 = 127,836 square rods, the area of the segment 
required. 

3. 2)18 = 9 feet the semidiameter ; then 9 x 9 « 81, 
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and 3)12 » 6 half the chord, and6 x 6 » 36 ; then 81 
— 36 = 45 ; then v45 = 6,7 + ; then 9 — 6,7 « 2^3 
feet the versed sine ; dien 2,3 X 2,3 » 5,29) and 6x6 
t= 36 ; then 36 + 5,29 « 41,29 the square of the diago* 
nal; then v41,29 =* 6,418 — feet length of the diago- 
nal hne ; 6,418 — 6= ,418 the difference, and ,418 X 6 
^ 14= ,1493 ; then 6,418 + ,1493= 6,5673 feet the length 
of half the arc, and 9 half the diameter ; then 6,5673 x 
9 = 59,1057 square feet the area of the sector, and 9 — 
2,3 = 6,7 the perpendicular of the triangular part of 
the sector ; then 6 x 6,7 = 40,2 the area of the triangu- 
lar part of the sector ; then 59,1057 — 40,2 « 18,9057 
square feet, the area of the segment required. 

EXAMPLES TO RULE IL 

1. 2)40 = 20 half the chord, and 20 X 20 = 400, 
and 10)400 = 40 ; then 40 + 10 - 60 the diameter of 
the circle, and 50)10 = ,2 the tabular versed sine ; then 
from the table the corresponding area is ,111823 ; then 
50 X 50 X 11823 = 279,5575 the area of the se^ent 
required* 

2. 52)2 = ,0385 the tabular versed sine, and the cor- 
respondmg area will be ,00995 +; then 52 x 52 X 
,00995 = 26,9048 + the ?irea required. 

3* 40)10 == ,25 the tabular versed sine ; ' then the 
area of the tabular segment will be foimd = to ,153546 ; 
then 40 X 40 X ,153546 = 245,6736. 

4. 100 -«- 9 =*» 09 the tabular segment, and the corres- 
ponding area = ,031011 ; then 100 x 100 X 035011 =» 
350,11 square chains, which divided by 10 « 35 acres 
and 1-^A rods, the area required. 

5. 2)20 = 10, and 10 x 10 =- 100 rods the square of 
half the chord, and 4 -•- 100 =- 25 ; then 25 + 4 =- 29 
rods the diameter of the circle ; then 29 -<- 4 = ,13793 
the tabular versed sine, and the corresponding area fof 
the first three figures is ,06476, and the next greater id 
,065449 ; Ihen ,065449 — ,06476 :^ ,000689, which 
multipli^i by the two remaining figures (93) — 
^00064077, which added to ,06476 »- ^0654 the area of 
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the tabular segment ; then 29 x 29 x 0664 = 55,0014 
rods 

6. 2 ^ 30 ^ 15 rods half the chord ; then 15 X 15 - 
226, and 5)225 = 45, and 45 + 5 = 50 rods the diame^ 
t^T of the circle, and 550)5 =^ ,1 the tabular versed sine ; 
then ,040875 the tabular area ; then 50 x 50 X ,040875 
= 102,1875 square rods, the area of the segment re-^ 
quired. 

PROBLEM XIII. 
EXAMPLES. 

1. 20 X 20 = 400 the square of the Versed sine ; then 
400)60 = ,15 square chains the tabular area ; then the 
corresponding versed sine ,246 — ; then ,246 x 20 = 
4,92 chains the versed sine required ; then 20 — 4,92 
= 15,08, and 15,08 x 4,92 = 74,1936 chains the square 
of half the chord; then v74,1936 = 8,6135 + chains 
the half chord, and 8,6135 x 2 = 17,227 + chains, the 
length of the chord required. 

2. 50 X 50 X ,7854 = 1963,5 square chains the area 
of the circle ; then 3)1963,5 == 654,5 square chains the 
area of the segment to be cut off, and 50 x 50 = 2500 
the square of the diameter ; then 2500)654,5 =^ ^2618 
chains the tabular area ; the correspondmg versed sine 
wiU be found = to ,36772 +, and ,36772 x 50 = 18,- 
386 chains the versed sine required ; then 50 — 18,386 
= 31,614, and 31,614 x 18,386 = 581,255 the square 
of half the chord ; then v581,255 ^ 24^108 chains half 
the Chora ; then 24,108 X 2 ^ 48,216 chains, the length 
of the chord required. 

3. 80 X 80 X ,7854 « 5026,56 the area of the whole 
circle ; then 4)5026,52 = 1256,64 square rods the area 
of the segment ; then 80 x 80 = 6400 the square of the 
diameter; then 6400)1256,64 = ,19635 the tabular 
area ; the corresponding versed sine will be found =« 
,298 ; then ,298 x 80 « 23,84 rods the versed sine re- 
quired, and 80 — 23,84 ^ 56,16, and 56,16 x 23,84 == 
1338,8544 rods the square of half the chord; then 
vl338,8544 = 36,59 rods half the required chord ; then 
36,59 X 2 «■ 73,18 rods, the chord required. 

4 
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4. 36 X 36 X ,7864 = 1017,8784 square inches the 
area of the end of the log ; then 3)1017,8784 = 339,- 
2928 square inches the area of the segment; then 36 X 
36 = 1296 the square of the diameter ; then 1296)339,- 
2928 = 0,2618 the tabular area; the corresponding 
tabular versed sine will be found equal to ,36772 ; then 
,36772 X 36 = 13,23792 inches, the depth required. 

6. 60 X 60 X ,7854 = 2827,44, and 5)2827,44 = 565,- 
488 square rods the area of the proposed segment ; then 
60 X 60 = 3600, and 3600)565,488 = ,15708 the area of 
the tabular segment ; the corresponding versed sine will 
be found in the table = to ,254 ; then ,254 x 60 = 15,24 
rods the versed sine of the proposed ses^ment ; then 60 
— 15,24 = 44,76, and 4476 x 15,24 = 682,1424 the 
square of half the chord ; then v682,1424 = 26,118 — 
half the chord; then 26,118 X 2 = 52,236 rods, the 
length of chord required. 



PROBLEM XIV. 

EXAMPLES. 



1. 2)12 =! 6 the semidiameter ; then 6 x 6 »= 36 the 
square of the semidiameter, and 2)8 = 4 the half chord 
of one of the segments ; then 36 — 4 x 4 = 20, and 
v20 - 4,4721 ; then 12 — 4,4721 = 7,5279 the versed 
sine of the segment cut oflf ; 12)7,5279 = ,62316 the 
tabular versed sine ; then ,203489 the tabular area ; 
then 12 X 12 = 144 the square of the given diameter, 
and ,203489 x 144 = 29,3024 the area of one segment ; 
then 12)4,8 = ,4 the tabular versed sine ; the corres- 
ponding area found in the table is ,293369 ; then 
,293369 X 144 = 42,2451 -f- the area of the other seg- 
ment ; then 42,2451 + 29,3024 == 71,5475 the area of 
both segments, and 12 x 12 x ,7854 = 113,0976 the 
area of the whole circle ; then 113,0976 — 71,5475 « 
41,5501 the area of the zone required. 

2. 25)5 = ,2 the tabular versed sine ; then the cor- 
responding tabular area = ,111823, and 25 X 25 X 
,111823 = 69,889375 the ar6a of each of the segments ; 
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then 69,889375 x 2 = 139,778750 the area of both 
segments, and 25 x 25 x ,7854 == 490,875 the area of 
the whole circle ; then 490,875 — 139,77875 = 351,- 
09625 the area of the middle zone required. 

3. 50)18 = ,36 the tabular versed sine, and ,25455 
the corresponding area ; then 50 x 50 X ,25455 = 636,- 
375 chains the area of the greater segment, and 50)15 
= ,3 the tabular versed sine, and the area correspond- 
ing ,198168 square chains ; then ,198166 x 50 x 50 = 
495,42 the area of the less segment; then 636,375 + 
495,42 = 1131,795 the area of both segments, and 50 
X 50 X ,7854 = 1963,5 square chains the area of the 
whole circle ; then 1963,5 — 1131,795 = 831,705 square 
chains, the area of the zone required. 

4. 25)10 = ,4 the tabular versed sine, and the area 
corresponding ,293369 ; then ,293369 x 25 x 25 = 
183,355625 feet the area of one segment, and ,7854 x 
25 X 25 = 490,875 square feet the area of the whole 
circle ; then 5)490,875 == 98,175 square feet the area 
of the less segment, and 183,355625 + 98,175 = 281,- 
530625 square feet the area of the segments ; then 
490,875 — 281,530625 = 209,344375 square feet, the 
area of the zone ; then 209,344375 x ,20 ^ $41,868 + 
the value of the zone required. 

5. 7,584 X 160 ^ 1256,64 square rods the area of 
the circle ; then 1256,64 -s- ,7584 = 1600 the square of 
the diameter of the circle ; then vl600 = 40 rods the 
diameter, and 40 -s- 4 = 10 rods the versed sine of one 
segment, and 40 -s- 5 == 8 rods the versed sine of the 
other ; then 40)10 ^ ,4 the tabular versed sine of one 
segment, and 40)8 = ,5 the versed sine of the other ; 
the tabular areas corresponding will be found, the first 
= to ,293369, and the second = ,392699 ; then ,293369 
-f ,392699 = ,686068 the sum of the tabular areas ; 
then ,686068 x 40 x 40 = 1097,7088 square rods the 
area of both segments, and 1256,64 square rods the 
area of the whole circle ; then 1256,64 — 1097,7088 =* 
158,9312 square rods l!he area of the zone ; then 158^- 
9312 X 26 ^ 139,7328 the value required. 
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PROBLEM XV. 

EXAMPLES.' 

1. 20 + 12 = 32 rods the sum of the two given dia- 
meters ; 20 — 12 = 8 the difference ; then by the rule, 
32 X 8 X ,7854 = 201,0624 square rods the area of the 
ring required. 

2. 24 + 16 = 40 chains the sum of the two diame- 
ters, and 24 — 16 == 8 chains their difference ; then 40 
X 8 X ,7854 ^ 251,328 square chains the area of the 

ring. 

3. 100 X 10 == 1000 square chains the given are^^ 
and ,7854)1000 = 1273,236567 the square of the greater 
diameter ; then vl273,236567 =■ 35,6824 + chains the 
diameter ; then 35,6824 X 1 = 23,7883 — chains the 
diameter of the less ; then 35,6824 + 23,7883 = 59,- 
4707, and their flifference = 11,8941 ; then 59,4707 X 
11,8941 X ,7854 = 555,55 the area required. 

Note. — The above solution is in conformity to the 
rule given, but it can be more easily solved in the fol- 
lowing mannei' : The diameters being in the proportion 
of 3 to 2, the squares of those diameters must be in the 
proportion of 9 to 4 ; then 9 — 4 = 5, and 9 : 100 : : 5 
: 555,55 chains, the area of the ring. 

4. 3,1416)120 = 38,2 — chains the diameter of the 
greater circle, and 28 the less ; then 38,2 + 28 = 66,2, 
and 38,2 — , 28 = 10,2 ; then 66,2 x 10,2 x ,7854 = 
530,333496 square chains, the area of the ring ; then 
630,333496 x 16 X ,08 =» $678,828 + the value of the 
ring. 

5. All circles are in proportion to each other as the 
squares of their diameters ; therefore 3 -f 2 ~ 5 the 
sum of the given proportion, and 3 — 2 == 1 the differ- 
ence, and 5 X 1 X ,7854 =* 3,9270 chains the area of the 
given proportion ; then 3,927 : 2 x 2 : : 20 chains the 
area given to 20,371785 + chains the square of the 
shorter side ; then v20,371785 = 4,5136 —chains the 
diameter of the less circle ; then 2 : 4,5136 : : 3 : 6,7704 
chains, the greater diameter. 

6. 20 x 20 X ,7854 <- 314,16 square rods the area of 
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the less circle ; tten 314,16 x 4 -i- 3 = 418,88 the area 
of the ring; then 314,16 + 418,88 = 733,04 square 
rods the area of the greater circle, and ,7854)73305 = 
933,3333 rods the square of the diameter ; then v933,- 
3333 = 30,65 + rods, the diameter of the greater circle 



PROBLEM XVI.. 
EXAMPLES* 

1. 2)72 = 36 half the chord, and 36 X 36 = 1296 the 
square of half the chord, and 30)1296 = 43,2 ; then 
43,2 + 30 = 73,2 the diameter of the circle ; then 
73,2)30 = 0,41 — the tabular versed sine, and ,303187 
the corresponding area ; then 73,2 x 73,2 x ,303187 = 
1624,5487 + the area of the greater segment ; then 
1296 the square of half the chord ; then. 20)1296 = 
64,8 + 20 « 84,8 the diameter ; then 84S)20 = ,23467 
the tabular versed sine, and ,140408 = the correspond- 
ing area ; then 84,8 X 84,8 x ,140408 = 1009,6795 + 
the area of the less segment ; then 1624,5487 — 1009,- 
6795 = 614,8692, the area of the lune required. 

2. 2 -!- 40 = 20 half the chord ; then 20 x 20 = 400 
the square of half the chord, and 4)400 =^ 100 ; then 
100 + 4 =« 104 the diameter of the circle from which 
the less segment was taken ; then 104 ->. 4 « ,03846 
the tabular versed sine; the corresponding area is 
,00994 ; then 104 x 104 x ,00994 = 107,511 the area 
6f the less segment ; then 400 the square of half the 
chord ; then 10)400 = 40, and 40 + 10 =» 50 the dia-- 
meter of the circle from which the greater segment was 
taken ; then 50)10 = ,2 the tabular versed sine, and the 
corresponding area ,111823; then ,111823 X 50 X 50- 
«= 279,5575 the area of the greater segment ; then 279,- 
6575 — 107,511 = 172,0465, the area of the lune re-. 

quired. 

3. 2)24 = 12 half the chord; then 12 X 12= 144 
the square of half the chord ; then 10)144 = 14,4, and 
14,4 + 10 = 24,4 the diameter of the circle from, which 
the greater segment was taken ; then 24,4)10 = ,409836) 

4* 
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the tabular versed sine ; the corresponding area is 
,303025 + ; then ,303025 X 24,4 x 24,4 = 180,408964 
the area of the greater segment, and 2)144 = 72, and 
72 + 2 =^ 74 the diameter of the circle from which the 
less segment was taken ; then 74)2 =» ,027027 the tabu- 
lar versed sine, and the corresponding area is = to 
,005875 ; then 74 x 74 x ,005875 = 32,1715 the area 
of the less segment ; then 180,4089 — 32,1715 = 148,- 
2374 the area of the lune required. 

4, 2)48 = 24 the half chord, and 24 X 24 = 5r6 the 
square of half the chord ; then 18)576= 32, apd, 32 + 
18 = 50 the diameter of the circle from which the 
ffreater segment was taken ; then 50)18 = ,36 the tabu- 
lar versed sine, and the area corresponding is ,25455 ; 
then 50 X 50 X ,25455 = 636,375 the area of the greater 
segment, and 576 the square of half the chord ; then 
12)^76 = 48, and 48 + 1^ = 60 the diameter of the 
circle from which the less segment was taken ; then 
60)12 ^ ,2 the tabular segment, and ,111823 the area 
corresponding; then 60 x 60 x 111823 = 402,5628 
the area of the less segment ; then 636,375 — 402,5629 
«= 233,8122 the area of the lune required. 

5, 2)50 =. 25 half the chords and 25 x 26 =^ 625 the 
square of half the chord, and 18)625 = 34,72 -f , and 
34,72 -f. 18 = 52,72 the diameter of the cirde from 
which the greater circle was taken ; then 52,72)18 =» 
^3414 the tabular versed sine, and ,2368 the correspond- 
ing area ; then ,2368 X 52,72 x 52,72 = 658,1615 -fr 
the area of the greater segment, and 625 the square of 
half the chord ; then 15j625 =. 41^ and 41f + 15 « 
56if, the diameter of the circle from which the less seg- 
ment was taken ; then 56| :^ H^ ; then H^)16 = ,2647 
the tabular versed sine, and ,1664 — the corresponding 
area ; then ,1664 X ^ X H^ = 523,218 — the area 
of the less segment ; then 658,1615 — 523,218 =f 134^- 
9,435 the aje^t of the. lune. 
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OF CONIC SECTIONS. 

PROBLEM I. 

EXAMPLES. 

1. 120 — 84 s= 96 the abscissa not given in the, 
question ; then 96 x 24 =? 8304 the rectangle of the 
two abscissas ; tKen v2304 = 48 the squai*e root of the, 

Sroduct o^the two abscissas ; then 120 : 40 : : 48 : 16 
le ordinate required. 

2. 40 — 24 = 16, and 16 x 24 =^ 384 the product 
of the two abscissas, and 1/384 = 19,596 — the square 
root of the rectangle of the two abscissas ; then 40 : 30 
: : 19,596 : 14,697 the ordinate required. 

3. 50 — 18 = 32, and 32 x 18 =p 576, and v576 ^ 
24 1 then 50 : 30 ; : 24 : 14,4 the ordinate required. 

PROBLEM II. 
EXAMPLES. 

1. 2)40 = 20 the semi-conjugate ; then 20 x 20 =. 
400 the square of the semi-conjugate, and 16 x 16 = 
256 the square of the ordinate ; then 400 — 256 = 
144, and vl44 = 12 ; then 40 : 120 : : 12 : 36 the dis. 
tance from the. centre ; then 2)120 = 60 ; then 60 4- 
35 = 96 the greaXer^ and 60 -— 36 =^ 24 the less ab^ 
scissa. 

2. 2)25 = 12,5, and 12,5 x 12,5 = 156,26 the square 
of the semi-conjugate, and 10 x 10 = 100 the square 
of the ordinate ; . then 156,25 — 100 = 56,25, and 
V56,25 « 7,5 ; 25 : 35 : : 7,5 : 10,5 the distance from 
the centre ; then 2)35 - 17,5, and 17,5 + 10,5 - 28 
the greater, and 17,5 — 10,5 = 7, the less. 

3. 2)40 = 20, and 20 x 20 = 400 the square of tJiQ 
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semi-conjugate, and 12 x 12 = 144 the square of the 
ordinate; then 400 — 144 = 256, and v256 = 16; 
then 40 : 60 : : 16 : 24 the distance from the centre, 
and 2)60 = 30, and 30 + 24 = 54, and 30 — 24 - ^ 
the length of the two abscissas required. 

PROBLEM III. 

EXAMPLES 

1. 2)40 = 20, and 20 x 20 = 400 the square of the 
semi-conjugate, and 16 x 16 = 256 the square of the 
ordinate ; then 400 -— 256 = 144, and vl44 = 12 ; 
then 20 — 12 == 8 ; then 8 : 24 : : 40 : 120 the trans- 
verse diameter required. 

2. 2)60 == 30, and 30 x 30 = 900 the square of the 
semi-conjugate, and 18 X 18 =- 324 the square of the 
ordinate ; then 900 — 325 = 576, and v576 == 24 ; 
then 30 — 24 == 6 ; then 6 : 24 : : 60 : 240 the trans- 
verse diameter required, 

3. 2)60 = 30, and 30 x 30 = 900 the square of the 
semi-conjugate, and 24 x 24 — 676 the square of the 
ordinate, and 900 — 576 = 324, and v324 = 18, and 
30 — 18 = 12 ; then 12 : 36 : : 60 : 180 the transverse 
diameter required. 

PROBLEM IV. 
EXAMPLES. 

1. 120 — 24 == 96 the greater abscissa, and 24 the 
less ; then 96 x 24 «= 2304 the rectangle of the two 
abscissas, and v2304 = 48 the square root of their pro- 
duct ; then 48 : 16 : : 120 : 40 the conjugate diameter 
required. 

2. 82 — 32 = 50 the greater abscissa, and 50 x 32 
« 1600 the rectangle of the two abscissas ; then V1600 
■■^ 40 the square root of the product ; then 40 : 8 : : 82 
: 16,4 the conjugate required. 

3. 35 — 7 = 28 the greater abscissa ; then 28 x 7 =>. 
196 the rectangle, and vl96 == 14 the square root j 
ttien 14 : 10 : : 35 : 25 the conjugate required. 
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PROBLEM V. 

SXAMFLES. 

1. 24x24=* 676, and 20x20 -400; then 676 + 
400 = 976, and 2)976 =; 488 the half sum of the squares 
of the two diameters; then v488 = 22,09 +; then 
22,09 X 3,1416 = 69,398 — the circumference required. 

2. 60 X 60 = 3600, and 40 x 40 = 1600 ; then 3600 
+ 1600 = 6200 the sum of their squares, and 2)5200 
= 2600; then V2600 = 51 — , and 61 x 3,1416 = 
160,2216 the circumference required. 

3. 40 X 40 = 1600, and 30 x 30 = 900 ; then 1600 
+ 900 = 2500 the sum of their squares ; then 2)2500 
« 1250, and Vl250 = 35,356 ; then 35,355 x 3,1416 
« 111 071 + 

PROBLEM VI. 
EXAMPLES. 

1. 60 X 40 x ^7854 :?= 1884,96 square rods ; then 
160)1884,96 = 11,7185 acres, the area required. 

2. 40 X 36 X ,7854 « 1130,976 square chains, and 
by dividing by 10 the area will be found == to 113,0976 
acr^s, the area required. 

3. 12 X 4 X ,7854 X 30,25 -= 1140,4 square yards 
required. 

PROBLEM VII. 

EXAMPLES. 

1. 36 X 24 = 864 ; then v864 = 29,3938 the dia^ 
meter required. 

2. 46 X 16 = 784 the product of the two diameters ; 
then v784 = 28 rods, the diameter required. 

PROBLEM VIII. 
EXAUFLES. 

1. 80J20 = ,25 the tabular versed sine, and the cor- 
respondmg area ,163646 ; tiien ,163646 X 80 x 60 -p 
61,4184 the area required. 
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2. 35)14 « ,4 the tabular versed sine, and ,293369 
the corresponding tabular area ; then ,293369 x 35 X 
25 = 256,697875 square chains, the area required. 

3. 60)15 = ,25 the tabular versed sine, and ,153546 
the corresponding tabular area ; then ,153546 x 60 X 
40 == 368,51 + square feet, the area required. 

PROBLEM IX. 

EXAMPLES. 

1; The abscissa is 9 ; then v9 = 3 the square root 
of the less abscissa, and vl6 = 4 the square root of the 
greater abscissa; then 3.: 6 :: 4 : 8 the ordinate re- 
quired. 

2. v9 == 3, and vl6 = 4 ; then 4 : 8 : : 3 : 6 the ordi- 
nate required, and 3 : 6 : : 4 : 8 the greater ordinate. 

PROBLEM X. 

EXAMPLES. 

1. 6 X 6 = 36 the square of the ordinate, and 2x2 
»= 4 the square of the abscissa ; then 4 x "I = -^3^ =» 5,- 
3333 ; then 36 + 5,333B = 41,3333, and v41,3333 « 
6,4291 + ; then 6,4291 x 2 « 12,8582 the length of 
the arc required. 

2. 6 X 6 = 36 the square of the given ordinate, and 
3x3 = 9 the square of the abscissa, and 9 X i == 12 ; 
then 36 + 12 = 48, and V48 « 6,9282 + ; then 6,9282 
X 2 :^ 13,8564 the length of the arc required. 

PROBLEM XI. 

EXAUPLES. 

1. 16 X 12 - 192 ; then 192 X f = 128 the area 
required. 

2. 42 X 12 - 504, and 504 X f = 336 the area re- 
quired. 

3. 8 X 30 « 240, and 240 X i « 160 the area re-, 
quired. 

4. 10 X 18 « 180, and 180 x i '^ 120 the area re- 
quired. 
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PROBLEM XII. 

EXAMPLES. 

1. 10 X 10 X 10 = 1000 the cute of the greater end 
of the frustrum, and 6x6x6 = 216 the cube of the 
less, and 1000 — 216 = 784 the difference of their 
cubes, and 10 X 10 = 100 the square of the greater 
^nd, and 6 x 6 == 36 the square of the less ; then 100 
— 36 = 64 the difference of their squares ; then 64)784 
=,12,25, and 3 X I = 2 ; then 12,25 x 2 = 24,5 the 
area of the frustrum required. 

2. 24 X 24 X 24 = 13824 the cube of the greater end 
of the frustrum, and 20 x 20 x 20 = 8000 the cube of 
the less ; then 13824 — 8000 = 5824 their difference, 
and 24 X 24 = 576 the square of the greater end, and 
20 X 20 = 400 the square 'of the less ; then 576 — 400 
«= 176 the difference of their squares ; then 176)5824 
= 33,0909 +, and 6 X i = 4 ; then 33,0909 x 4 « 
132,3636 the area required. 

3. 10 X 10 X 10 =1000 the cube of the greater end 
pf theirustrum, and 6x6x6 = 216 the cube of the 
less end ; then 1000 — 216 = 784 the difference of the 
cubes,, and 10 x 10 = 100, and 6 x 6 = 36 ; then 100 
— 36 = 64 the difference of their squares ; then 64)784 
= 12,25, and 4,2 X i = 2,8 ; th^n 2,8 x 12,26 = 34,3 
the area required, 

OF THE HYPJERBOLA. 

PROBLEM I. AND II. 

V 

EILAlMPLES. 

1. 120 + 40 = 160 the greater abscissa ; then 160 X 
40 = 6400 the rectangle^ of the two abscissas, and 
V6400 = 80 tile square root of the product of the two 
abscissas ; then 120 : 72 : : 80 : 48 the ordinate re- 
quired. 

2. 24 + 8 = 32 the greater abscissa ; then 32 X 8 = 
256 the rectangle of the two abscissas, and v256 = 16 ; 
then 24 : 21 : : 16 : 14 the ordinate required. 

3. 50 + 12 :=* 62 the greater abscissa, and 62 X 12 — 
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744 the rectangle of the two abscissas ; then v744 = 
27,3763 ; then 60 : 30 : : 27,2763 : 16,3658 — the ordi- 
nate required. 

PROBLEM Hi. 



EXAMPLES. 



1. 2)72 « 36, and 36 X 36 = 1296 the square of the 
semi-Gonjugate, and 48 X 48 == 2304 the square of the 
ordinate ; then 2304 4- 1296 == 3600 the sum of their 
squares ; then v3600 =p 60 the square root of the sum 
of the squares of the semi-conjugate and ordinate ; then 
72 : 120 : : 60 : 100 ; . then 100 + 60 =160 the grmter 
abscissa, and 100 — 60 = 40 the less. . 

2. 2)21 ^ 10,5 the semi-cx)njugate ; then 10,5 X 10,5 
~ 110,25 the square of the semi-conjugate^ and 14 y 
14 = 196 the square of the ordinate, and 196 + 110,25 
«= 306,25 the sum of their squares; then^v306,25 = 
17,5 ; t^en 21 : 24 : : 17,5 : 20 ; then 2)24= 12, and 12 + 
20 = 32 the greater abscissa, and 20 — 12 = 8 the less. 

3. 2)36 =^ 18 the semi-conjugate, and 18 X 18 ^ 324 
the square of the semi-conjugate, and 24 x. 24 = 576 
the square of the ordinate, and 576 + 324 = 900 the 
sum of the squares, and v900 = ^0 ; then 36 : 60 : : 30 
: 50;, and 2)60 = 30 ; then 30 + 50 = 80 the greater, 
and 50 — 30 = 20 the less.* 



PROBLEM IV. 
EXAMPLES* 



1. 80 X 20 = 1600 the product of the two abscissas^^ 
and vl 600" = 40 the square root of theiJ* product ; then 
40 : 24 : : 60 : 36 the conjugate diameter required. 

2. 48 X 12 = 576 the rectangle of the two abscissas^ 
and v576 = 24 the square root of their product ; then 
24 : 21 ^ : 36 : 31,5 the conjugate diameter required. 



PROBLEM V. 

EXAMPLES. 



L 2)72 = 36 the semi^conjugate,,and 36 x- 36 — 
1296 its sijuare; and 48 X 48 ^ 2304 the square of the 
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m?ak][etftB; then 2804 + 1296 »* 3600 the srniiof tbeir 
wqQam$y and vSdOO » 60 the square i^oot of their sum ; 
then 60 + 36 «» 96 the sum of the semi-coujuffate^ and 
Ihe-isquare toot of the sum of the squares c^ me semi- 
ecn^gate and ordinate ; th^ 2304 : 72 x 40 : : 96 : 
« 120 the tranGPv^eise diameter required. . 

2. 2)21 =» 10,5 the semiconjuj^te ; then 10,5 x 10,6 
*M 110,25 the square of the semi-conjugate, and 14 X 
14 »> 196 the sqiiare of its ordinate ; then 196 + 110,25 
«« 306,26 the sum of their squares, and v306,25 =>= 
17A and 17,5 + 10,6 =- 28 ; then 196 : 21 x 8 : : 28 : 
24 the transverse diameter required. 

3. 2)36 ^ 18 the semi-conjugate, and 18 X 18 » 324 
its square, and 24 x 24 =* 576 the sqiiaje of the ordi* 
naie ; then 334 + 576 ^ 900 the sum df their square^ 
and v900 «= 30, and 30 + 18 =*= 48 the sum of the 
semi-conjugate, and the squ^yre root of the #um of the 

Suates of uie semi-^conjugate and ordinate ; then 676 ; 
»• X 20 : : 48 : 60 the transverse required. 

PROBLEM vi» 

EZAXFLE8. 

1. 80 : 60 : : 60 : 45 the peruneter ; then 80 X 19 =• 
1620, and 45 x 21 = 945, and 945 4- 1520 = 2465, 
and «0)2,1637 ^ ,027046, and ,027046 x 2466 » €6,- 
-66839, and 45 x 16 » 675 fifteen times'tbe perimeter; 
th<»i 676 + 66,66839 » 741,66839, and 80 k 9 » 720, 
and 720 + 945 « 1665; then ,027046 X 1666 =» 46,- 
09169, and 45,03159 + 675 * 720^0»169 ; then 720,- 
03169)741,66839 » 1,03006 — ; tiien 1,03006 X 10 >» 
lOj'SOOS — length of <fce arc required. 

2. 120 : 72 : : 72 : 43,2tiie penmet^ ; then 19 X 130 
«-* 2286 nineteen tunes the tranatireioe^ and 43,2 x 21 ^ 
907,2 twenty-one times thd perimdler, and 120)40 ^i^ 
then 2280 + 907,2 = 3187,2 which multiplied by i « 
1062,4, and 1% x 9 ^^ 1^80 «^ nhie times the tmns- 
Tene; (hen 1060 + 907,2 »= 1987,2 wthich multiplied 
by i ^ 662,4, and 43,2 x 16 « 648 «i fifteen limes the 
tmaxsbet] then 662^4 + &B^ 1310,4 the divisor, and 
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1062,4 + 648= 1710,4 the dividend ; then 1310,4)1710,4 
«= 1,3061 the quotient ; then 1,3051 X 48 the ordinate 
■= 62,6448 the length of the curve required. 

3. 2)60 = 30 h^f the conjugate, and 30 X 30 = 900 
its square, and 16 x 16 = 266 the square of the ordi- 
nate ; then 900 + 256 = 1156, and vll56 « 34 ; then 
60 : 80 : : 34 : 46i ; then 2)80 -= 40 half the trans- 
verse ; then 45t — 40 = 5f the less abscissa ; then 80 
60 : : 60 : 45 the perimeter ; 19 x 80 = 1620 =- nine- 
teen times the transverse diameter, and 45 x 21 ^ 946 
twenty times the perimeter, and 6f = -^ the abscissa ; 
then 80)^3^ = ,07083 ; then 1520 + 945 = 2466, and 
2465 X ,07083 = 174,59595, and 45 x 15 =» 675 fifteen 
times the perimeter, and 80 x 9 == 720 nine times the 
transverse, and 720 + 945 = 1665, and 1665 x ,07083 
= 117,93195 ; then 117,93195 + 675 ^ 792,93195 the 
divisor> and 174,59595 -f 676 - 849,59696 the divi- 
dend ; then 792,93195)849,59595 = 1,07146, and 1,- 
07146 X 16 « 17,14336 length of the curve from the 
vertex, and 17,14336 x 2 = 34,28672 the whole length 
of the curve required. 

PROBLEM VII. 

EXAMPLES. 

1. 30 x 10 =- 300 the product of the transverse and 
abscissa, and 10 x 10 X f - 71,42867 ; then 300 + 71,- 
42857 - 371,42867, and v371,42867 = 19,2726 — , and 
19,2726 X 21 = 404,7226, and 30 x 10 == 300 the pro- 
duct of the transverse by the abscissa, and v300 ■= 17,- 
3205 the square root of their product ; then 17,3206 x 
4 = 69,282, and 404,7226 -f- 69,282 « 474,0046, and 
474,0046 -♦- 75 «= 6,32 ; then 18 X 10 x 4 =» 720 four 
times the product of the conjugate by the abscissa, and 
720 + 30 « 24 ; then 6,32 x 24 « 151,68 the area 
required. 

2. 100 X 50 « 6000 the product of the transverse by 
the abscissa ; 50 X 60 X f - 1786,7142857, and 6000 
-f. 1786,7142867 = 6786,7142867, and v6786,7142867 
« 82,376447, and 82,376447 X 21 - 1729,884387, and 



Sic. mj KEY. 5t 

100 X 50 =« 5000 the product of the transverse by the 
abscissa, and v6000 = 70,710678 the square root of 
their product, and 70,710678 x 4 = 282,842712 four 
times the square root of the product of the transverse 
and abscissa; then 1729,884387 + 282,842712 « 
2012,727099, and 2012,727099 + 75 = 26,83636132, 
and 60 X 50 X 4 = 12000 four times the product of the 
conjugate by the abscissa ; then 12000 ■+■ 100 = 120, 
and 26,83636132 x 120 = 3220,3633584 the area re- 
quired. 

3. 50 X 25 = 1250 the product of the transverse by 
the abscissa, and 30 x 30 X ^^ = 642,857143, and 1250 
+ 642,857143 = 1892,857143, and vl892,857143 «= 
43,506978 ; then 43,506978 x 21 - 913,646538, and 
25 X 50 -- 1250, and vl250 « 35,355339 ; then 35,- 
355339 X 4 = 141,421356 = four times the square 
root of the product of the abscissa by the transverse ; 
then 913,646538 + 141,421356 = 1065,067894, and 
1055,067894 + 75 = 14,067572 — , and 30 x 25 x 4 - 
3000 four times the product of the conjugate by the 
abscissa, and 3000 + 50 = 60, and 14,067672 x 60 = 
8|44,06432 the area required. 
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SECTION rv. 



APPLICATION OF THE MENSURATION OP 

SUPERFICIES. 

PROBLEM I. 

1. 16 X 16 =» 266 chains the area, and 286 -*- 7B54 
-= 386,94656 +, and v325,94866 = 18,0539 chains, 
the diameter required. 

2. Here 18 x 5,5 = 99 3rards the side of Ihe square ; 
then 99 X 99 — 9801 square yaids the area ; then 9801 
^ ,7854 « 12479, and vl2479 « 111,7094 + yards, the 
diameter required* 

BROBLBK II. 

EZAMPLCS. 

1. 24 X 16 »« 384 square chains the area of the 
parallelc^^m ; then 384 -*- ,7854 ^ 488,92284 +, and 
v488,92284 » 22,1116 -r- chainn, the dia.n^ter re^ 
quired. 

2. 32 X 18 ="9^ 676 square rods the area of the paral-. 
klogram ; then 676 -*- ,7854 « 733,3842628 — , an4 
V733,38426^ ^ 27,0816 + rods the diameter re-, 
quiredi.. 

PROBLEM III. 



1. 14 •«- 2 «:» 7 rods half the peipendicutar ; then 17 
X 7 » 119 square rods the area, and 119 •«- ,7864 — ^ 
161,6161, and vl&l,6151 ^ 12,308 rods ; Om 12,308 
^ 4 » 3,077 ehaina. 

2. 16 X 20 ^ 320 square chains twice the area ; then 
320 -f- 2 «* 160 the area, and 160 -«r ,7854 » 203,71786 
4^ the square of the diameter; ibm v203>717^ m 
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14,273 — diaina; then 14,273 — X 4 «» 57,093*^ 
rc^Sf the diameter required. 

4 

PROBLEM IV.. 
EXAMPLES. 

1. 18 X 4 = 72 rods the base, and 72 x 72 = 6184 
the square of the base, and 6 x 6 »- 36 rods the square 
of the difference ; then 5184 — 36 » 5148, and 6x2 
^ 12 ; then 5148 -i- 12 » 429 reds the perpendicular 
of the triangle, and 72 -^ 2:^ 36 half the base, and 429 
X 36 » 15444 square rods the area of the ^iangle ; 
then 15444 + ,7854 =>^ 19663,865546 -4- the square of 
the diameter ; then vl9663^865546 + » 140,^79 +* 

2. 24 X 4 » 96 rods length of the base*^ then 96 x 
96»*>9216 the squaire of the base,, and 25x25»626 
the square of the difference betwemi the hypotenuse and 
perpendicular^ and 9216 — 62ft » 8691, and 8591 -•- 
6^5 =- 171,82 rods the perpendicular, and 9& -ir 2 » 48 
rods half the base ; then 48. X 171,82 » 8247,36 square 
rods the area ; then 8247,36 x 4 » 32969^44 ; then 
32989,44 -i^ ,7854 » 42003,3613 the square of the dia- 
meter ; then V420O3,3613 » 204,9472 rods, the diame^ 
ter required. 

PROBLEM ▼. 

EXAKFLES^ 

1. Here 14 + 181 + 24 == 66 chains the sum of the 
three sides ;. theji 5(5 -h 2 = 28 the half sum, and 28 — - 
24 = 4, and 28 — 18 =^10, and 28 — 14 =^ 14 ; theii 
the three diflerences are 14, 10, and 4; then 28 X 14 )!^ 
10 X 4 = 15680 the square of the area, and V15680 «, 
125,2198 + square chains the area ; then 125,2198 •♦?«. 
,7854 » 159,4344 the square of the diameter ; then^ 
Vl59>.4344 » 12,6267 chains, the diameter required: 

2. 18 4- 20 + 26 <«== 64 rods the sum of Hie threes 
sides ; then 64 -i^ 2 » 32 the half sum, and 32 — 26 » 
6, 32 -r- 2a= 12, and 32 — 18 «» 14 ; then the three 
differences are 14, 12, and 6 ; then 32 x 14 x 12 x 63.^. 
32256 the square of the area ; then v32256 — 179,6 -^ 

5* 
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Aquan rods tibe nxest i ihen 179,6 x 3 » 638,8, and 538,8 
^ ,7854 «» 6S& the square of the diameter ; then v666 
■B 26,1916 + rods, the diameter required. 

PRQBJUEl^ v^. 



]u 9 : 6 -f7 : : 7 ~6 : 1,4444 + the different of die 
aeffiujeats of the base ; then 1,4444 -^2-* ,7232 Ibe half 
iiS^mfte^ and ^ ^ 2 »« 4,5 chains the half sum ;- then 
4»& Hr )7222 ^ 6^2222 chains greatepof the two^seginente^ 
and 4,6 -^ ,7222 =» 3,7778 the less ; then 6 x &» 36 the 
a^are of the shorter side, and 3,7778 x 37778 -^ 14,- 
271r77'264 the square ofthe shorts segment; Ilieii36 — 
14^2717 ^ 21,7^63 the square of the perp^acyiculs(r c^the 

Sven triangle ; then v21,7283 » 4,66 the perpendtcu^- 
X ; Uien 4,66 : 7 : : 6 : 9,j01!28&— chains, thediamet^ 
of £| cir-ele which wiU pass through all the points of tfie 
triangle ; tibea 9v0128& -t^ 2f=^ 4,50644 <^ains^ the dish 
tftAce iSrom eadSL of the^ngles. 

2. Here 60 >• 40^+ 32 : : 40 — 32:9,6 the dl%ence 
of the segments 0^ the base, an^ 9,6 h- 2'a»4,8 half the 
difierence, aad 60 -^-2^^ 30 the half sum of the base; 
then 30 + 4,8 = 34,8 rods the greater of tihe t\*ieseg^ 
ments, and 30 — 4,^8 f>^ 25,2 the less; then 32x32==> 
1024 the square of the shorter side, and 25,2 x 25,2 »v 
635,04 the square of the shorter se^mwt ; then, 1024 
— 6K>04 « 368^96 the square of the perpendicular ;; 
then v^S8,96 =^ 19,722 rods the perpendicular of the* 
Iriangle ; t!ien 19,^22 ; 4Q ; ; 32 ; 64^9 + 2y)d3„ tjxe diar 
JWet^r Tequired^.. 

FROB£.]:nt yH^ 

1. 34 X 1^ "!F 612 the rectangle of the two diame*. 
t^rs; then v612 »» 24,7386 + chains, the diwieter 
reqiared. 

2> 18 X 12: X 5 -^ 1080 the products of tile two^dia-^ 
meters midtijptied by the propottion ; then; vl080 m^ 
32,36335 -k TOfiSf. the leqmied dianuete?. 



3. 40 X 30 »* 1200 square feet the prodmet of Aetivo 
diameters, and 1200 x 3 «»^ 3600 the product of tl»B two 
diameters multiplied by the gir^a proportioa; then 
v3600 » 60 feet the diaBaueter of the ^de, and 60 -»- 3 
^ 20 yaids^ the diamieter requiredv 

PROBLEM YUh. 

1. 15 X IS X 9 « 40e> twiee the square of tile giren 
side ] tkten V4d0 » 21,'il32 + the diaioeter of the cir-^ 
eumseribing ci^dEe. 

». 21 X 21 X 5J-888; thettV888«29'^— chaius; 
then 29^8 x 4«" 119^2'red^, the duuuetei: of the eircumr^ 
scribing circle^ 

SXAMFLE8. 

L 18 X IB ^ 324' a^uara diains; the square of llili 
diameter ; then 324 -t- ^ =» 162 the area of the squam 
mjiiiied; ibetk vl6St ^- 12^7379 4- <^bafliM, the sida 
required. 

2. 23 X 10 s« 250^Qq|tmrQ chains tbe area of the eir^ 
cle ; then 250 -h ,7854 ^ 318,30914 chains the squave 
of the diameter; ihm 318)36914 ^ 2 ==> 159,15457 
square chains the are^ of the inscribed square ; then 
Vl59)15467 »9 12,6166 + chains the length of iteside,, 
and 250 — 159,15457 ^. 90>g4543 sqp»are diains, the» 
area of the four segments, 

3. 28,^44 Hh. 3^416 -, 9 chains the dianaeter ; them 
9 X 9 ==,81 the square of the diameter, and 81 -•- 2 =* 
40,5 square chams,, the area of the inscribed square^ ^ 
to 4,05 aqres., 

W1LQBLEM: X.. 
^3fJLMTLE9K 

1. 16 X 16 »« 2(% tiie square of the hagev side, an^ 
12 X 12 -3 144 the sqiuoe of the sborter ; then 256 + 
144 ^ 400 the^ square of the; required diameter ; theiEi 
V40Q.«:«. 20 &et|, tfae diakiii9tQ£ ««uire4 
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2. Here 64 x 64 = 4096 the square of the longer 
side, and 48 x 48 = 2304 the square of the shorter 
side ; then 4096 + 3304 = 6400 the sum of rtieir 
squares, and v6400 « 80 rods the diameter, and 6400 
X ,7864 = 5026,66 square rods the area, which is = to 
31 acres, 1 rood, 26rffiy perches* 

3. 24 X 24 = 676 the square of the longer side, and 
18 X 18 = 324 the square of the shorter side, and 576 
+ 324 =» 900 the square of the diameter ; then, 900 X 
,7854 »»= 706,86 square chains the area of the circle cir^ 
cumscribing the parallelogram, and 24 X 18 >« 432 
square chams the area of the parallelogram; then 
706,86 — 432 =» 274^6 square dtiains, the area of the 
segments required. 

P]Et09LEM XI, 
IXAJIPLES^ 

1. V3 « 1,73205 the square root of the. number 3; 
Iben 1,73205 x 30 x { ^^^^ 34^641 feet, the diameter 
vequired. 

2. The square root of 3 — 1,7^05 ; then 1,73206. >C 
36 X I =» 41,6692 chains, the diameter required. 

3. 1,73205 X 24 X i « 87,7128 rods, the diameter 
lequired. 

PROBLEM XII. 
EXAMPLES.' 

1. 24 -♦- 2 «* 12 feet the semidiameter of* the circle ;. 
then 12 X 3 =- 36 ; then 36 ■*- v3 = 21,01656 — feet,, 
the length of the side required. 

2. 36 Hh 2 =p 18 rods the semidiameter ; then 18 X 3. 
^ 54 rods, three times the semidiameter ; then 64 -i- v3 
«5- 31,17635 + rods, the length of the side required. 

3. 24 -^ 3,1416 « 7,63942 — chains the diameter of 
the circle ; then 7,63942 ■*- 2—3,81971 chaids the semi- 
diameter, and 3,81971 x d-^ 11,46913, and 11,46913 -k 
V3 — 6,61593 + chains,, the length of the side re^uiredn 

PR0Bi:.EM XIII. 

EXAMPLES. 

1. Here 10 + 16 + 24 — 60 feet the Tengdi of the 
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lilxree pemncBcidaM ; thesEi JO -»* v3 » 38)86 + fitet 

half the length of the side ; then 28,86 x 2 = 57,72 
&0t d» lengm of the ^dB ; ttea 67,72 x v3 » 99,97^926, 
and 99|973936 x i^ 66^9 + &et, the diaxneter of like 
circumscribing circle. 

2. 16 + 18 + 24 «. 68 the sum of the three perpen- 
diculars ; then 58 -*• V3 « 33,486 + rods half the length 
of the side ; then 33,486 x 2 = 66,972 rods the length 
of the side ; then 66,972 x v3 = 115,9988526, which 
multiplied by I =» 77,3329 rods, the diameter of the cir- 
cumscribing circle. 

3. 108 -^ v3 « 58,89 — rods half the length of thQ 
side of the triangle ; then 58,89 x 2 ^ 117,78 rods the 
length of the sicfe ; then 117,78 x 117,78 x ,433013 - 
6006,81 square rods the area of the triangle, and 117,- 
78 X.v3 X f =9 136 rods the diameter of the circom^ 
scribing circle ; then 136 x 136. x ,7854 ^ 14526,7584 
square rods the area of the oijMjle ; then 14526,7584 — « 
6006,81 ^ 8519|94a4 iods,thi9 Qi>ea of the segments. 

PROBLEM XIV. 

1, 18 X 13 — 216 the product of the base by the per- 
pendiealar, and 1» -f 18 « 30 ; then 216 -^ 30 - 7,8 
feet, the- sidie of the square, 

2. 24 X 19 -^ 432, and 430 -♦- 24 + IS =«^ 10,2857 + 
Ipds^ tiie ode of the i^uaie required. 

FReBLEM XV. 

BXAMFLES. 

1. 1 -• ,7864 ^ ,2146, and 2 x 4 -f 3 - 11 roods, 
and 11 X 40 + 6 a9»446 square rods the area in the 
comers ; then ,2146 : 1 x 1 r: 446 : 9078,28518 rods 
tb9 cquaw of tbe t&unetet nquifBd; the^ v2078,28618 
#« 45)5882 roda, tbo diaOMtar reqpoired; 

2^ } -^ ,7854 «» ,2146 the aiea left in die comers of 
a.«4UA»9^ containing its groslait ioBcrfted cirde vrhom 
Cti«mt9r ifi 1; thtt)2U6:l^l::96b2674:168 
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square of the diameter ; then Vl69 » 13 rods, the dia- 
meter 

3. i ™ ,7854 ^ ,2146, and 4 x 10 =« 40 chains the 
area left in the comers ; then ,2146 : 1 X 1 : : 40 : 186,- 
3932 -i- the square of the diameter ; then Vl86,3932 «« 
13,6625 chains, the diameter required. 

V PROBLEM XVI. 
SXAKPLES. 

1. 24 X 24 = 676 the square of the diameter, and 
576 X i *= 144 the square of the diameter required ; 
then vl44 = 12 chains, the diameter required. 

2. 21,75 = 21 acres 3 roods ; 21,75 X 10 =. 217,5 
square chains, and 217,5 -i- ,7854 = 276,929 — square 
chains the square of the diameter of the greater circle ; 
and because the less contains i of the area of the greater, 
then 276,929 X i = 92,3096 chains the square of the 
less ; then v276,929 = 16,638 + chains the diameter 
of the greater, and v92,3096 = 9,607 + chains the dia- 
meter of the less ; then 16,638 — 9,607 + = 7,031 
chains = twice the width of the ring ; tiien 7,031 -♦- 2 
s= 3,5155 chains, the width of the ring. 

3. 3 feet 6 inches =» 42 inches the diaiqeter in the 
inside, and 7,5. inches nailtiplied by 2 ■^, 15 inches; 
then 42 4- 15 » 57 inches the whole diameter ; then 
57 X 67 » 3249 the square of the greater diameter, and 
42 X 42= 1764 the square of the less ; then 3249 — 
1764 = 1485 the diflFerence of their squares, and 1486 
X ,7854 »- 1166,319 square inchea the area, and 1166,- 
319 -I- 144 - 8,03 — square feet ; then 8,03 x 18 «c 
$1,4454 the expense. 

t u 

mOBLSM xvsi. 

SXUIFLES. . 

1. 60 — 30 »i 30 iods the sum of the versed sinesr 
of both semients ; the^ 20 -f- 2 » 10 rods the versed 
sine of eacn, and 10 V 60 » ,2 the tabular versed sine, 
and ,111823 the corresponding Area ; then because the 
apgments are equal ,111823 x2^ 223646 Ae tabahi 
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area for both segments; then 50 X 50 X ,223646 =■ 
669,115 square rods the area of both segments, and 50 
X 50 X ,7854 ^ 1963,5 square rods the area of one cir- 
cle ; then 1963,5 X 2 ^ 3927 square rods the area of 
both ; then 3927 — 559,115 =« 3367,885 square rods, 
the area enclosed by their peripheries. 

2. 40 — 24 — 1 6 chains the versed sines of both 
segments ; then 16 -♦- 2 = 8 the versed sine of each, 
and 40)8 = ,2 the tabular versed sine of each segment, 
and ,111823 the corresponding area; then ,111823 x 
2'^ ,223646 square chains the corresponding area for 
both segments ; then 40 X 40 x ,223646 = 357,8336 
square chains the area contained in both segments, and 
40 X 40 X 7854 == 1256,64 square chains the area of 
one circle ; then 1256,64 x 2 = 2513,28 the area of 
both circles ; then 2513,28 — 357,8336 = 2155,4464 
square chains, the area enclosed. 

3. 20 — 10 = 10 feet the sum of the two versed 
sines ; then 10 -*- 2 =fe 5 the versed sine of each, and 
20^ =as ,25 the tabular versed sine of each segment, and 
,153546 the tabular area of each ; then ,153546 x 2 =<= 
,307092 square feet the tabular area of both segments ; 
then 20 X 20 x ,307092 = 122,8368 square feet the 
area of both segments, and 20 x 20 x ,7854 = 314,16 
square feet the area of each circle ; then 314,16 x 2 = 
628,32 the area of both circles, and 628,32 — 122,8368 
= 505,4832 square feet the area enclosed ; 20 — 5 = 
15 ; then 15 x 5 = 75 the square of half the chord of 
each segment, and v75 = 8,66026 feet half the chord ; 
then 8,66026 x 2 « 17,32062 feet, length of the chord 
required. 

PROBLEM XVIII. 
EXAMPLES. 

1. 6 — 4=1; then 1 : 20 :: 4 : 80 feet ; then 80 X 
80 « 6400, and 4 + 2 = 2, and 2 X 2 = 4 ; then 6400 
+ 4 = 6404 the square of the semidiameter of the circle 
cbscribed by the less wheel ; then v6404 = 80,025 — 
feet the semidiameter of the curcle ; then 80,025 x 2 ^ 
160,06 feet, the diameter described by the less wheel. 
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2. 5 — a»-2; then 2: 16:: 5: 40; Ibeti 40x40 
«t Vm, and 5 -H 2 » %5 feet, and 2,5 x 2,5 » 6,25 ^ 
square of. the sexoidiameter of the greater wheel ; then 
1600 + 6,25 « 1606,26 the square of the semidiameli^ 
of Uie circle made by the greater wheel; dieHVl606,25 
» 40,078 feet the semidiaineter of the circle, and 40,078 
X 2 ^ 80,156 feet, the diameter of the circle required. 

3. 4--^3«l:30::4: 120, and 120'x 120 - 
14400, and 4 -4- 2 »- 2 the semidiameter of the great<» 
wheel ; then 2 X 2 « 4 its square, and 14400 + 4 » 
14404 the square of the senudiameter, and V14404 «^ 
120,01666 + feet the semidiameter of the greater circle ; 
then 120,01666 x 2 » 240)03332 feet the diameter, and 
30 X 2 =« 60 ; then 240,03332 — 60 =- 180,03332 feet 
the diameter of tbe less, and 240,0833 -f 3 « 80,0111 
yaxds, and 80,111 x 80,111 x ,7854 *« 5027,955 — 
square yards the area of vthe greater cir de, and ISO,- 
0333 -H 3 <*= 60,0111 yards the diameter of the less, and 
«0,0111 X 60,0111 X 7854 « 2828,487 — square yards 
•in the lees ; then 5027,955 — 2828,487 - 2199,468 
square yards, the area of therii^. 

PB.OBLEAI XLX. 
X9CAMPLSS. 

1. .5280 X 8000 + 30=^ 42240020, which multiplied 
by 20 » 844800400 the square of the distance where a 
level from the eye strikes the water ; then v844800400 
t*« 29065,46 feet, the distance where a level from the eye 
strikes ^e water, and 5280 x 8000 + 5280 » 42246280, 
and 42245280 x S280 »^23055078400 the square of 
the distance where a level from the top of the mountain 
strikes the water ; -then v223065078400 = 472287 feet 
the distance ; then 473287 + 29065,46 » 501352,46 
feet ; thBn.501362,46 hh 5880 «» 94,95 + jniles, tfae^dis- 
tance required. 

2. 6260 X 8000 + 100 ^ 42240100, and 42240100 
X 100 *« 4221010000 tbesquaro of the distaaoe:; thm 
V4224010000 « 64992^ + feet, the distaaoe, ••« to 
12,300 + miles. 



/ 
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' 3: 6390 X 8000 + 100 -=^ ^^240100, and 42240100 
X 100^ « 4224010000, and v4224010000 « 64992^3 
feet the distance where a level from the feye strikes th3 
wjrter, and 5280 X 8000 + 130 x 160--= 6336022500' 
the square of the distance where a level from the lamp- 
strikes the water, and v6336022600-* 73048,083 fe^ 
the distance ; then 73048,083 + 64992,3 ^ 143040,383 
feet the whole distance between the eye of the observer 
and the lamp of the lighthouse ; then 148040,383 -*- 
5280 = 27,091 — miles. 

PROBLEM XX. 
EXAMPLES. 

1. Suppose the side of the square to be 1 yard ; then 
4 yards the perimeter ; thea 8 x 4 = 32 shillings for 
enclosing, and 2 shillings for paving ; then 2 : 1 : : 32 : 
16 yards, the side of the square required. 

2. Suppose the diameter of the circle to be a mile, or 
320 rods ; then 320 X 3,1416 =- 1005,312 rods the cir- 
cumference, and 16 feet 6 inches make one rod ; there- 
fore 16 X 12 -f 6 = 198 inches in one rod ; then 198 
X i ~ 132 the number of dollars the diameters of which 
would extend the distance of one rod ; then 1005,312 
X 132 = 132701,184 dollars would form a circle whose 
diameter would be one mile ; then 320 x 320 x ,7854 
X 33 = 2654023,68 dollars the value of a circle whose 
diameter is one mile at the given price ; then 1*32701,- 
184 -!- 2654023,68 = ,05 of a mile the diameter ; then 
3'20 X ,05 = 16 rods the diameter required ; or 2654023,- 
68 : 1 : : 132701,184 : 05, and 320 X fi'S = 16 rods, as 
before. 

3. Suppose the side of the square to be one mile, or 
320 rods ; then 320 X 4 « 1280 rods its perimeter, and 
16 feet 6 inches make one rod ; then 16 x 12 -f 6 = 
198 inches, and as every cent is to be one inch in dia- 
meter, then 198 cents extend the distance of one rod ; 
then 1280 x 198 =« 253440 cents would extend round 
the perimeter of a mile square, and 640 the number of 
acres in one mile square ; then 640 x 40 x 100 =» 

6 
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2560000 cents the value of a mile square at the given 
price ; then 2560000 : 320 : : 253440 : 31,68 rods the 
side of the square and likewise the diameter of the dr-^ 
cle; then 31,68 x 3168 = 1003,6224 square rods the 
area of the square, and 1003,6224 -i- 160 =- 6,27264 
acres the square contains ; 6,27264 x 40 = 250,9066 
dollars the value of the square, and 6,27264 X ,7854 « 
4,926531456 ; then 4,926531456 acres the area of the 
circle which multiplied by 40 gives 197,06125824 dol- 
lars, the value of the circle. 
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SECTION V. 



MENSURATION OF SOLIDS. 

PROBLEM I. 

EXAMPLES. 

1. 18 X 18 = 324 inches the area of one side of the 

fiven cube ; then 324 x 6 = 1944 square inches ; then 
944 ■+- 144 = 13,5 square feet, the area required. 

2. 26 X 25 X 6 = 3750 square inches ; then 3750 •♦- 
144 = 26 + 5^1 square feet. 

PROBLEM II. 

EXAMPLES. 

1. 2400 + 6 = 400 the square of the side ; then v400 
»= 20 inches, the length of the side required.' 

2. 24 -♦- 6 = 4 square feet the area of the sur&ce of 
one side ; then i/4 = 2 feet, the length of the side 
required. 

PROBLEM III. 
EXAMPLES. 

1. 3 X 3 X 3^ 27 solid feet. 

2. 32 X 32 X 32 -H 1728 = 18*f solid feet. 

3. 42 X 42 X 42 « 74088 cubic inches. 

PROBLEM IV. 
EXAMPLES. 

1. ^18 = 2,620741 feet, the length of thie side. 

2. 2150,4252 solid inches make one bushel; then 
2150,4252 X 50 = 107521,26 cubic inches the solidity 
of the box ; then ,^107521,26 « 47,6 inches, the length 
of the side. 

a 2160,4252 X 10 » 21604,52 — cubic inches the 
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solidity; then ^21604,52 = 27,454 + inches, the length 
of the side required. 

PROBLEM V. 

EXAMPLES^ 

1. 8x3x2 = 48 solid feet, the content required. 

2. 36 X 20 X 18 = 12960 solid inches the content ; 
then 12960 ^ 1729. = 7,5 solid feet. 

3. Here 5 feet 6 inches = 66, and 4 feet 9 = 57, and 
3 feet 9 inches == 45 inches ; then 66 x 57 x 45 =» 
169290 solid inches, and 169290 -•- 2150,4252 == 
78,724 — bushels. 

4. 5,25 x 2,5 X 10 = 131,25 solid feet. 

PROBLEM VI. 
EXAMPLES. 

1. Here two sides are each 10 feet long and 6 feet 
wide^ and the other two are each 10 feet long and 3 
feet wide ; therefore 10 x 2 X 5 = 100 square feet, and 
10 X 2 X 3 = 60 square feet the area of the other two 
sides ; 5 x 3 x 2 = 30 square feet the area of the ends ; 
then 100 + 60 + 30 = 190 square feet, the area 
required^ 

2. • Here two faces each 4 feet long and 3- feet wide, and 
two other faces each 4 feet long and 2,75 feet wide ; 
therefore 4 x 2 x 3 =* 24 square feet the area of the 
two greater faces, and 4 X 2 x 2,75 = 22 square feet 
the area of the other two sides, and 3 X 2,75 X. 2 = 
1 6,5 square feet the area of the two euds; ; tihen 24 + 
22 -f 16^5 ==^2,5 square feet, the whole area required. 

3. Here are two sides each 8 feet long, and the breadth 
of each 4,25 feet, and the other two each 8 feet long 
and 2,5 feet wide ; thereifore 8 x 4,25 + 2 = 68 square 
feet, and 8 x 2,5 x 2 = 40 square feet, and 4,25 x 2^ x 
2 =* 22,26 square feet the area of the ends ; then 68 4- 
40 + 22,25 *= 1!^2,25 square fept, the area required.^ 

PROBLEM Vll. 

EXAMPLES. 

1. Here are three mdes each 12 feet long and 2J^ 
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"wide ; then 12 X 2,5 x 3 — 90 square feet the area of 
the sides, and 2,6 x 2,5 x 2 x ,433013 = 5,4126 + 
square feet the area of the two ends ; then 90 + 5,4126 
=* 95,4126 + square feet, the area required. 

2. Here are three sides each 8 feet long and 14 inches 
wide ; therefore 8 X 14.x 3 =? 336, which divided by 
12 = 28 square feet the area of the three sides, and 14 
X 14 X 2 X 433013 -4- 144 = 1,1787 + the area of both 
ends ; then 28 + 1,1787 « 29,1787 + squjwre feet the 
area required. 

3. Here are three side's each 9,6 feet long and 2 feet 
wide ; then 9,6 x 2 x 3 =? 67 square feet the area of 
the sides, and 2 x 2 x 2 x ,433013 = 3,4641 square 
feet the area of the ends ; then 57 + 3,4641 ^ 60,4641 
square feet, the area required. 

PROBLEM vin, 

EXAMPLES. 

1. X8 X 18 X ,433013 x 40 + 144 =. 38,97 + solid 
feet. 

2. 18 X 18 X ,433013 x 24 ^ 144 - S3,386 — soUd 
feet. 

3. 14 X 14 X ,433013 x'32 x ,2Q + 144 «* $3,772 +. 

4. Here 1 foot 6 inches ==1,6 feet ; .then 1,5 x 1,5 X 
2,698076 X 16 - 93,63 + solid feet, 

PROBLEM LX« 

EZAMFLES, 

. 1. 8 X 3,1416 X 20 = 126,664 square feet, the convex 
surfece^ 

2. 8,1416 X 30 X 6 -I- 12 = 39,27 square feet the area 
of the convex surface, and 30 x 30 x 2 X ,7854 •♦• 144 
•• 9,8175 square feet the area of the ends ; then 39,27 
+ 9,8175 =« 49,0876 square feet, the area required. 

3. 3,1416 X 16 + 20 -I- 12 « 83,776 square feet the 
area of the convex surface, and 16 xl6 x2 X ,7854 ^ 144 
-r 2,7925 square feet the area of the ends ; then 83,776 
+ 2,7925 » 86,6685 square feet the area of the cylinder 

required. 

6* 



I 



^ MENSURATION OF SOLIDS. [8bc; T. 

4 3,1416 X 4 X 10 -f- & ^ 13,9ear -- squaie yards, 
the area, pf the $ur&0Q required. 

EXAAfPLES. 

1. 16 X 16 X ,7854 X 20 + 144 = 27,9863 + soUd 
feet, the content required. 

2. 20 X 20 X ,7854 x 30 -i- 144 = 65,45 solid feet, the 
content required. 

3. 10 X 10 X ,7854 X 4 -^^ 144 = 2,1816 solid feet, 
the content. 

4. 15 X 15 X ,7854 X 16 + 144 = 19,635 soUd feet, 
the solidity required. 

FROBLEM XI., 

EXAMFLES«^ 

1. 3,1416 X 3 X 15 H. 2 = 72,686 square feet, the 
convex surface of the cone required. 

2. 3,1416 X 3 X 20 H- 2 == 94,248 square feet the 
convex surface, and 3 x 3 X ,7854 = 7,0686 square 
feet, the area of the base ; then 94,248 + 7,0686 = 101,- 
3166 sqi^are feet, Ijie. surface of the cone required. 

3. 10 + 3,1416 = 3,183 + the diameter ; then 3,18» 
rt- 2 =« 1,5915 feet the semidiameter, and 1,5915 x 
1,5915 + 12 x 12 =^146,53287225 the sumof the squares 
of the perpendicular and semidiameter ; then vl46- 
,53287225 = 12,105 + feet, the length of the slope ; 
then 12,105 x 10 -*- 2 =^ 60,525 square feet, the Qonvex 
surface req^uired. 

PROBLEM xiu 

EXAHFLES. 

1. 3 feet 6 inches is = to 3,5, therefore- 3,5 x 3,5 x 
,7854 X 3 == 28,86345 solid feet, the content required. 

2. 10 H. 3,.1416 = 3,183 + feet, the diameter of the 
base oC the com ; then 3,183 x 3,183 x ,7864 x 4 - 
31,829 + solid feet, the content required. 

3^ 6 H- 2 =e 3 feet, the semidiameter of the cone, and 
10 + 10 — 3 X 3 = 91 the square of the perpendiculai 
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altitude of the^t^one; then v^l » 9,5394 feet, the per- 
pendicular altitude of the cone ; tten 6 x 6 x ,7854 X 
9,5394 ^ S *= 89 9069 + cubic feet, the solidity required 

PROBLEM XnU 

EXAMPLES. 

1. 15,75 + 22,25 x &-»• 2 =- 114 aqfiaxe feet, the con- 
vex sur&ce required. 

2. 4 + 3 X 3,1416 X 5 ■*- 2 ==. 54,978 square feet, the 
area of the convex surface required. 

3. 5 + 4 X 3,1416 X 6 -«- 2 = 84,8232 square feet,, 
the area demanded. 

PROBLEM XIV. 
IXAKPLES. 

1* 5x3 = 15 the product of the top and bottom 
diameter, and 5 — 3 ^ 2 the difference, and 2 x 2 = 4 
and 4 -J- 8 = 1,3333 one third of the square of the dif^ 
ference ; then 15 + 1,3333 = 16,3333 ; then 16,3333 
X ,7854 X 4 =3* 61,3126 + cubic feet, the soHditjr re- 
quired. 

2. Here 5 feet 6 inche<? « 5,5 feet, and 4 feet 9 inches 
= 4,75 feet, and 7 feet 3 inches =?» 7,25 feet ; then 5,5 
X 4,75 = 26,125 the product of the two diameters, and 
6,5 — 4,75 = ,75, and ,75 x ,75 -*- 3 = ,1875, one-third 
of the square of their difference ; then 26,125 + ,1876^ 
^ 26,3125, and 26,3125 x ,7854 X 7,25 x 1728 -*- 231 
X 63 = 17,79 + hogsheads, the solidity required.. 

3. 5 X 4>76 = 23,75 the product, and 5 — 4,75 =^ 
,25, and ,25 x ,2S -*- 3 = ,0208 -f, one-third of the square- 
of the difference of the two diameters ; then 23,75 + 
,0208 = 23,7708, and 23,7708 x 8 X ,7854 X 1728 -h 
831 X 63 = 17,754 + hogsheads, the solidity ijequired^ 

PROBLEM xv» 

1. 20x20x,433013x6-i- 144-7^1^— cubia 
^ibti solidity. . 
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2. 2 X 2 X ♦ =« 8 cubic feet, the solidity required. 

3. 30 X 30 X 1,720477 x V -♦- 144 « 43,012 — cubic 
feet, the solidity required. 

4. 20 X 20 X 2,598076 x ^'P -♦- 144 - 23,4648 + 
cubic feet, the soUdity required. 

6. 20 X 20 X 4,828427 x Y -•- 144 = 63,6492 ~ 
cubic feet, the sohdity required. 

PROBLEM XVI. 
SXAKPLE8. 

1. 14 X 8 — 112 the product of the two ends, andt 
14 — 8 = 6, and 6 x 6 -♦- 3 =» 12, one-third of the square 
of their difference ; then 112 + 12 x ,433013 x 10 •*-■ 
144 = 3,7287 + cubic feet, the solidity required. 

2. 16 X 10 =3 160 the product of the two ends, ana 
X6 — 10 = 6 their difference, and 6 X 6 -i- 3 *= 12, one- 
third of the square of th^ difference of the ends ; then. 
160 + 12 X f -^r 144 «;= 9,55 + cubic fcetj the solidity 
yequired. 

3. Here 18 inches = 1,5 feet, and 12 inches 1 feot ; 
then 1,5 X 1 = 1,5 the product of the two ends, and 
1,5 — 1 = ,5 the difference of the two ends ; then ,5 x 
,6 + 3 =: ,0833 +, one-third of the square of the differ- 
ence of the two ends ; then 1,5 4- ,0833 = 1,5833, and 
1,5833 X 1,720477 X 4,5 = 12,2581 + cubic feet, the 
solidity required. 

4. 10 X 7 = 70 the product of the two ends, and 10 
— 7 = 3 the difference, and 3 x 3 ^t- 3 = 3 the third, 
of the square of the diflerence ; th^ 70 -|- 3 x 2,59807© 
X 5 •♦• 144 = 6,5854 + cubic feet, the solidity. 

PR0BI.E1I XVII. 



1. 6,26 X 2 = 10,5 feet twice the length c^ the base„ 
and 3,5 length of the edge ; then 10,5 + 3,6 -= 14 feet 
their sum ; then 14 x 2,26 x ,76 -*- 6 = 3,9376 cubic 
feet; &e solidity required. 

2. 35x2 -h 66 X 18xl6-i-6»5625cttbkindM? 
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then 5625 -«- 1728 » 3,2552 + cubic feet, the solidity 
of the wedge. 

3. 54 + 36x3,5x8^6 = 420, and 420-f.l44-« 
2,9166 + cubic feet, the soUdity of the wedge. 

PROBLEM XVIII. 
XXAXPI.ES. 

1. Here 14 inches the length and 12 inches the 
breadth of the greater end ; then 14 x 12 =^ 168 the 
area of the greater, and 6 X 4 = 24 the area of the less 
-end ; then 168 + 24= 192 th^ area of the ends, and 
14 + 6 -I- 2 = 10 the length of the middle rectangle, 
and 12 + 4 -*- 2 « fi the breadth of the middle rectan- 
gle ; then 10 x 8 X 4 == 320, four times the area of the 
middle ; ibm 192^+ 320 x 30,5-*- 6 x 144 - 18,074 + 
cubic feet, the solidity required. 

2. 27 X 30 =^ 810 square inches the area of the 
greater end, and 24 x 18 = 432 the area of the less, 
and 30 + 24 -I- 2 = 27 the length of the middle rectan- 
gle, and 27 + 18 — 2 = 22,5 breadth of the middle 
rectangle ; then 27 X 22,5 X 4 = 2430, four times the 
area of the middle section ; then 2430 + 432 + 810 X 
48 -•- 6 X 144 =« 204 cubic feet, the solidity required^ 

3. 12 X 8 = 96 square inches the area of the greater 
end, and 8 X 6 = 48 square inches the area of the 
less, and 12 + 8 -»- 2 =» 10 inches across the middle^ 
and 8 + 6 -I- 2 = 7 the breadth in the middle ; then 10 
X 7 X 4 = 280 square inches, four times the area in the 
middle ; then 380 f 48 + 96 x 5 -+^ 6 x 144 = 2,4537 
cubic feet, the solidity required. 

4. 7 X 6 a* 42 square feet the area at the top, and S 
K 3 «« 15 square feet the. area «t the bottom ; then 7 — 
6 = 2, and 6 — 3 = 3; then 2x3 = 6 square feet the 
area at the mddle; then '6 x 4 = 24 square feet, feur 
time9 ihat area ; ^n 42 + IQ + 24><4-^6»'64 
aoUd feet, the content required. 



I 
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SECTION VI. 



OP SURFACES AND SOLIDS. 

PROBLEM I. 

EXAMPLES. 

1. 10 X 10.x 3,1416 « 314,16 square feet, the area 
of the convex surface. 

2. 4 X 4 X 3,1416 = 60,2656 square feet, the area 
required. 

3. 8000 X 8000 X 3,1416 = 201062400 square miles, 
the area required. 

PROBLEM II. 
BXAHFLES. 

1. 2,5 X 2,6 X 2,6 X ,6236 = 8,181 + cubic feet, the 
solidity required. 

2. 3 X 12 + 4 = 40 inches the diameter ; then 40 x 
40 X 40 X ,5236 + 1728 =» 19,3926 — cubic feet, the 
solidity required. 

3. 8000 X 8000 X 8000 X ,6236 =• 268083200000 
cubic miles, the solidity required. 

PROBLEM III. 
EXAMPLES. 

1. 2000 -H ,5236 — 3819,7097 the cube of the diame- 
ter ; then 4/3819,7097 »- 16,618 + inches, the diameter 
required. 

2. 10 -f- ,6236 » 19,09863 — , the cube of the diame- 
ter ; then ^19,Q9863 — » 2,67 + feet, the diameter 
required. 

3. Here 8 -h ,6236 » 2,481 + feet the diameter ; then 
3,1416 X 2,481 » 7,7943096 feet the drcuoifermce 
required. 
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PROBLEM ly. 

EXAMPLES., 

1. 14 -I- 3,U16 « 4,4633 + the square of the dia- 
meter ; then v4,4633 = 2,1126 + feet, the diameter 
required. 

2. 40 square rods <= one square rood ; then 40 -h 
3,1416 = 12,7323 + the square of the diameter ; then 
Vl2,7323 = 3,5682 + rpds, the diameter required. 

3. 34 ^- 1,80 == 18,8888 + square feet the area of 
the baU; then 18,8888 -h 3,1416 = 6,01248 — ,the 
square of the diameter ; then v6,01248 — = 2,452 + 
feet, the diameter of the ball. 

PROBLEM y. 

EXABIPLES. 

1. 6 X 3,1416 « 18,8496 feet the circumference of 
the globe ; then 18,8496 x 2 -» 37,6992 square feet the 
area of the convex surface of the segment required. 

2. 8 X 3,1416 « 25,1328 feet the circumference of 
the globe given, and 4 x 4 == 16 the square of the 
semidiameter of the globe, and 3 ■*- 2 = 1,5 the half 
chord, and 1,5 x 1,5 = 2,25 the square of half the 
chord ; then 16 — 2,25 =. 13,75, and vl3,75 « 3,708 + 
feet ; then 4 — 3,708 = ,292 feet the versed sine of the 
segment, and ,292 x 25,1328 = 7,3387 + feet, the area 
of the convex sur&ce required. 

3. 30 -4- 2 = 16 inches half the chord ; then 15 X 16 
+ 6 = 37,5 ; then 37,5 + 6 = 43,6 inches the diameter 
of the ^lobe ; then 43,5 X 3,1416 X 6 = 820,7406 
square mches ; then 820,7406 -i- 144 » 5,7 — square 
feet^ the convex sur&ce of the segment. 

PROBLEM VI. 
BZAKFLES. 

1. 25 X ,31416 X 4 » 314,16 square inches, the area 
of the convex sur&oe of the zone required. 

2. 30 -f- 2 >» 16 inches the semidiameter of the globe, 
and 16 -1:2 — 8 the half chord; then 16x 16 — 8x 
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8 = 161, and vl61 « 12,7 — j and 15 — 12,7 - 2,3 
inches the versed sine of the CTeater segment, and 10 ■*- 
2 = 6 the half chord of the less segment ; 15 x 15 — 
^x^--' 200, and v200 = 14 -+-, and 16— 14 =* 1 inch 
the versed sine of the less segment*; then 2,3 + l=*»3j3 
inches the sum of the versed sines of both segments ; 
then 30 — 3,3 =« 26,-7 inches the breadth of the zone, 
and 30 x 3,1416 = 94,248 inches the circumference of • 
the globe; then 94,248 X 26,7 = 2516,4216 square 
inches ; then 2516,4216 -k 144 =-» 17,4751 + square 
feet, the area of the zone required. 

3. 40 -H 2 =* 20 inches thesemidiameter of the globe, 
and 16 -4- 2 = 8" inches half the chord ; then 20 x 20 
— 8x8 = 336, and v336 = 18,3333 +, and 20 — 
18,3333 = 1,6667 inches the versed sine of the seg- 
ment ; then 10 + 1,6667 = 11,6667 inches the sum of 
the versed sines of both segments ;. then 4j0 — 11^6067 
=*; 28,3333 inches the breadth of the zone^ and. 40 X- 
3,1416 X 28,3333 '-*- 144 = 24,72. + square feet, th® 
area of the convex sur&ce of the zone required. 

PROBLEM VII. 

EXAMPLES^ 

1. 30 ^ 2 == 15 inches the half chord ; then 15 X 16 
X 3 + 8 X 8 = 739, and 739 x 8 X ,5236 +• 1728 =- 
1,7913 + cubic feet, the solidity required. 

2. 40 -+- 2 = 20 inches half the chord ; then 20 x 20 
X 3 + 10 X 10 =1300, and 1300 x 10 x ,523« + 
1728 = 3,93912 cubic feet, the solidity required. 

3. 20 -*- 2 = 10 inches the semidiameter of the bowl-; 
then 10x10x3 + 6x6=- 336, and 336 X 6 X ,5236 
-*- 282 = 3,7432 — beer gallons, the content required. 

4. 18 — 3 = 15 ; then 15 x 3 = 45 the square of 
half the chord; 45X3 + 3x3= 144, and 144 x 3 
X ,5236 = 226,1952 cubic inches, the solidity required. 

6. 30 ^ 2 »* 15 the seniiidiameter, aikl ^ 15 X 15' » 
225 the square of the semidiijuineter ; 20 -»*. 2( mt 10 
iitefaisB half the cborrd^ and lOx 10» 14)0. the square 
of half the cbord.; then 285 -^ 100 ^126, aad ^IBfi 
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- 11,18 +, and 15 -r- 11,18 = 3,82 inches the heidit 
of the segment, and 100 x 3 + 14,6924 -= 314,5984^ 
and 314,6924 x 3,82 x ,5236 = 629,2326 + cuIhc 
inches, the solidity required. 

PROBLEM VIII. 
EZAJIFLESi 

1. 24 -I- 2 » 12 the semidiametet of one end, and 20 
-•- 2 » 10 the semidiameter of the other ; then 12 x 12 
4. XO x 10 =*» 244, and 9 X 9 -H 3 « 27, one-third of 
the square of the distance of the two ends ; then 244 + 
27-271; then 271 x 3 x 9 x ,6236 =« 3831,1812 
cubic incheSj the solidity required^ 

2i 6 X 12 » 60 inches the diam^r of the globe ; 
then 60 + 2 = 30 inches the semidiameter, and 30 x 
30 » 900 its square, and 36 -4- 2 =» 18 inches half the 
chords and 18 x 18 = 324 its square, and 900 — 324 
« 676, and v676 -= 24, and 30 — 24 = 6 inches the 
height of the segment, and 6 + 18 » 24 inches the 
height of both segments, and 60 — 24 « 38 inched the 
breadth of the zone, and 60 — 18 = 42, and 42 x 18 =« 
756 the square of half the chord of the stegiiient "whose 
height tsras 18 inches ; then 766 + 324 ^ 1080 the 
sum of the squaiBS of the semidiameCers of the two enfds 
of the zone, and 36 x 36 ■<- 3 = 432, otoe-tMrd of di6 
square of the distance of the two ends j then 1080 + 
432 - 1512, and 1612 x 3 x 36 x ,^36 + 1728 =» 
49,4802 cubic feet, the solidity of the zone required. 

3. 3 ^ 2 » 1,6 feet the semidiameters of each seg- 
ment ; then 1,5 x 1,5 X 2 « 4fij and 4,2 x 4,2 -t- 3 =« 
6^8a,.oae«-thi€d ctf tbeaqUftre ottie hseadm of l^eaone; 
tfaeB ^5 + 6,86 X 3 K 4,2 >c ,9236 ««. 68^46 + cubic 
feet, the solidity required. 

1»RC»LBM ix« 

SXAMRiES* 

1 Bd X 40 y 40 XjBSSG* 1728^ 21^465 ^caVtc 
feet, the solidity required. 

7 
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2. 3 X 2 X 2 X ,5236 = 6,2832 cubic feet, the solidity 
of the spheroid. 

3. 60 X 40 X 40 X ,5236 + 1728 = 29,0883 + cubic 
feet, the solidity required. 

4. 100 X 60 X 60 X ,5236 + 1728 « 109,083 + cubic 
feet, the solidity of the spheroid. 

PROBLEM X. 

EXAMPLES, 

1. 60 X 100 X 100 X ,5236 -*- 1728 « 181,8 — cubic 
feet, the solidity of the spheroid. 

2. 40 X 40 X 30 X ,5236 -*- 1728 = 14,544 + cubic 
feet, the solidity required. 

3. 15 X 20 X 20 X ,5236 + 1728 « 1,818 + cubic 
feet, the soUdity required. 

PROBLEM XI. 

EXAMPLES. 

1. 50 X 60 X 2 - 6000, and 40 X 40 =^ 1600 the 
square of the diameter of ^e end ; then 5000 + 1600 
*= 6600 ; then 6600 x 18 x 2,618 -»- 1728 = 18 — cubic 
feet, the solidity required. 

2. (60 X 60 X 2 + 36 X 36) x 80 x ,2618 + 1728 =- 
102,9746 + cubic feet, the solidity required. 

3. (100 X 100 X 2 + 80 X. 80) X 36 X 2,618 + 1728 
c» 143,99 cubic feet, the solidity required. 

PROBLEM XII. 
ZZIMPLES. 

1. 60 X 2 X 30 «> 3000, and 40 X 24 « 960 ; then 
3000 + 960 »- 3960, and 3960 x 18 x ,2618 -i- 172i3 ^ 
10^8 — cubic feet. 

2. 100 X 2 X 30 — 6000 the product of twice the 
transverse by its conjugate, and 80 X 48 = 3840 the 
product of the transverse and conjugate diameters of 
each end ; then 6000 + 3840 » 9840 the sum of the 
products; then 9840 X 36 x ,2618 + 1728 - 53,669 
cubic feet, the soUdity required. 
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3. 100 X 2 X 60 « 12000 twice the transverse by 
the conjugate, and 60 X 36 = 2160 the product of the 
conjugate and transverse of the ends ; then 12000 + 
2160 = 14160 their sum ; then 14160 X 80 x ,2618 + 
1728 = 171,6244 + cubic feet, the soUdity required. 



PROBLEM XIII. 
EXAMPLES. 



1. 100 X 100 = 10000 the square of the transverse 
axis, and 60 x 60 = 3600, the square of the conjugate ; 
then 3600 -♦- 10000 = ,36 the quotient of the square of 
the revolving axis divided by the square of the fixed 
axis, and 100 X 3 = 300, three times the fixed axis, and 
10 X 2 == 20 twice the height of the segment, and 300 

— 20 = 280 the difference between three times the 
fixed axis and twice the height of the segment ; then 
,36 X 280 X 10 X 10 X ,6236 = 5277,888, the soUdity 
required. 

2. 50 X 50 « 2500 the square of the transverse axis, 
and 30 X 30 = 900 the square of the conjugate ; then 
900 -*- 2500 = ,36, and 50 x 3 = 150, and 5 x 2=* 10; 
then 150 — 10 = 140 ; then ,36 x 140 x 5 x 5 X 
,5236 = 659,736, the solidity required. 

3. 100 X 100 = 10000 the square of the transverse, 
and 50 X 50 = 2500 the square of the conjugate ; then 
2600 -H 10000 = ,25, and 100 x 3 -= 300, and 12 x 2 

- 24 ; then 300 — 24 = 276 ; then ,25 x 276 X 12 x 
12 X ,5236 = 5202,4896, the solidity required. 



PROBLEM XIV. 
EXAMPLES. 



1, 100 4- 50 = 2 the quotient arising by dividing the 
fixed axis by the revolving, and 50 x 3 = 150, three 
times the revolving axis, and 12 x 2 = 24, twice the 
height of the segment ; then 150 — 24 « 126 the dif- 
ference ; then 2 x 126 x 12 x 12 x ,5236 - 19000- 
,3968, the solidity required. 

2. 50 4- 30 a= 1% the quotient arising by dividing 
the fixed axis by the revolving, and 30 x 3 » 90| three 
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times the revolving axis, and 6 x 3 <=^ 11$, twice the 
height of the segment ; then 90 — 12 = 78 their differ- 
ence ; then If « * ; then i X 78 X 6 X 6 X ,6236 ^ 
^50,448, the solidity required. 

PRgiBLEM xy, 

EXAMPLES^ 

1. 48 X 48 X ,7854 = 1809,6616 the area of the dr. 
cular hpise, and 84 + 2 = 42 half the height ; theu 
1809,5616 X 42 « 7600,1^5872 the solidity required. 

2. 100 X 100 X ,7854 X 26 = 196360 the soUdity 

required* 

3. 100 X 100 X ,7854 x 15 == 117810 the soUdity 
required. 

4. 40 X 40 X ,7854 x.15 « 18849,6 the soUdity 
required. 

PROBLEM XVI. 

EXAMPLES. 

i. 68 X 58 » 3364 the square of the greater end^ 
and 30 X 30 » 900 the square of the less, and 3364 + 
900 » 4264 the sum of their squares ; then 4264 X 18 
X ,3927 = 30142,4104 the soUdity required. 

2. 60 X 60 = 3600 the square of the greater end, 
and 50 X 60 »^ 2500 the squaie of the less, and 2500 + 
3600 r» 6100 the sum of the squares of the two ends ; 
then 61Q0 X 10 X ,3927 ^ 23954,7 the solidity required. 

PEQBLEIK XVI I» 
JEXAMFLES^ 

1. 12 X 12 =^ 144 the square qf the semidiameter^ and 
15,8745 X 15,8745 « 261,99976 +, the square of the 
middle diameter ; then 351,99975 + 144 X 10 X ,5236 
•« 2073,454691 the solidity required. 

2. 52 X 52 » 2704 the square of the radius of the 
base, and 68 X 68 = 4624 die square of the middle diar 
meter : then 2704 + 4624 X 50 x ,6236 ^ 191847^04 
ItiefKmdity required. 
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PROBLEM XVII. 
EXAMPLES. 

1. 32 ^- 2 « 16, and 16 x 16 = 266 the square of 
the greater semidiameter, and 24 -*- 2 = 12, and 12 x 
12 = 144 the square of the less, and 28,1708 X 28,1708 
= 793,5939 +, the square of the middle diameter ; then 
793,5939 + 144 + 256 =^ 1193,5939 the sum of the 
squares ; then 1193,5939 x 20 x ,5236 =- 12499,31582 
the sohdity required. 

2. 96 -H 2 = 48 the greater diameter, and 48 x 48 = 
2304 its square, and 54 -*- 2 :^ 27 the less, and 2T X 27 
=^ 729 the square of the less semidiameter, and 76- 
,424392 X 76,424392 = 5840,6876 + the squwe of the 
middle diameter ; then 5840,6876 + 2304 + 729 x 26 
X ,5236 = 116156,57 + the solidity required. 

3. 10 -H 2 = 5, and 5 x 5 = 25 the square of the 
greatest semidiameter, and 6 ht 2 = 3,. and 3x3 = 9 
the square of the less, and 8,5 x 8,5 == 72,25 j then 
72,25 + 9 + 28 =106,25 the sum of their squares ; 
then 106,25 X 12 x ,5236 = 667,69 cubic inqbes, the 
9olidity^ 

4. 8+ 2 = 4, and 4 x 4 = 16 the square of the 
greater semidiameter, and 6x6 = 36 the square of the 
middle diameter ; then 36 + 16 X 10 X ,^236 = 272- 
jj27? the soUdity required. 

7* 
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SECTION YH 



MENSURATION OF SOLIDS. 

PROBLEM I. 
EXAMFLlSB. 

1. 2160,425^ X 5 =» 10762,1860 cubic indies in five 
bushels; then .^10752,126= 22,07 + inches, lengfli 
of the side required. 

2. 4/282 - 6,5576 + i^ches, tbe lengfliof the side. 

PBiOBLEM IS. 

EXAMPLES. 

1. 20 X 20 =^ 400 the square of (wo^ side^ and the 
length, breadth, and thickness are each equcd ; there* 
fore 400 x 3 = 1200 the square of the diagonal ; then 
vl200 » 34,641 -f- inches, the length of we diagonal 
required. 

2. ^38ai == 15,6513 + inches the side of the cube j 
then 15,65ia x 15,6513 x 3 = 734,88957607 thesquaie 
of the diagonal ; then ^734,88957607 = 27,1088 + 
inches, the li^gth oi the diagonal requireds 

PROBLEM III.. 
SXJLBIPX.ES. 

1. 18 inches = 1,5 feet ; then 1,6 X 40 — 60, and 8» 
-». 60 » li feet =» 20 inches, the thickness required. 

2. 14 X 20 - 280, and 36 X 144 ^5184 ; then 6184 
^ 280 »- 18|51425 laches, ih^ breacttiU requjured. 

PROBLEM IV. 
EXAMPLES. 

1. 20x20»^400,and40xl44»5760; then 676(1 
^ 400 — 14;4'feet, the length required. 
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2. 18 X 14 » 252 the product of the bi^adth and 
thickness ; then 144 x 30 » 4320 the product of the 
solidity by the number of square inches in. a square 
foot ; then 4320 -f- 252 » 17,1428 + feet, the length of 
the stick required. 

PROBLEM V. 

1. 20 X 20 X ,7854 » 314,16 the divisor, and 144 X 
2,0 =. 2880 the dividend ; then 2880 + 314,16 - 9,1673 
Hr feet, the length required. 

2. 5,5 X 5,5 X ,7854 = 23,75835 the divisor, and 20 
X 63 X 231 - 291060 cubic inches the solidity ; then 
291060 + 23,75835 « 12251,27 +; then 122^1^7 ^ 
1728 « 7,09 -* feet, the depth required. 

3. 16 X 15 X ,7854 = 176,715, and 24 X 144= 3456 
the dividend; then 3456 -*, 176,715 -= 19,657-^; then 
30 — 19^557 ^ 10,443 + feet, the length required^ 

PROBLEM VI., 
EXAtfVItSS. 

1. 30 X ,7854 -« 23,562 the divisor, and 60 X 144 «% 
8640 the dividend : then 8640 -*- 23,562 « 370,9362 + 
the squaire of thi^ diameter ; then v370^9362 » 19,26 -^ 
inches, the dian)^ter required; , 

2. ,7854 X a« 6,2832 the divisor; then 2150,4262 
-I- 6,2832 » 342,25 the square of the diameter ;, thea 
v342,26 » 18,6 inches, the ctiameter required. 

3. 7,5 X ,7854 =» 6,8905 the diameter, and 2160,4259 
-^ 2 » 1025,2126 cubic inches the solidity of a half 
bushel ; then 1025,2126 h. 5,8905 » 174,045 -^ the 
sqi^e of the diajpi^ter ; thea vl74,p.46i ^ 13,^1926 + 

' inches, the diameter requiied^ 

PR(N3];.EM VIK 
EZAMPLB8« 

1. 24Ht.2«il2 liie semidiameter, and! 12x12x8 
mp 288, twice the square itfthe semidiameter : thfiU^S^ 
'«S6^l44^S0<nbiQ^the8olidity; 
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2. 20 X 20 X ,7854 x 40 + 144 =* 87,2666 + cubic 
feet the solidity of the cylinder, and 20 •*• 2 =!= 10 inches 
the semidiameter ; then 10 x 10 x 2 x 40 -f- 144 ™ 
65,5555 + cubic feet the solidity when hewn square ; 
therefore 87,2666 — 55,5555 = 31,7111 cubic feet, the 
solidity of the chips. 

3. 18 -H 2 =» 9, and 9 X 9x2= 162, twice the 
square of the semidiameter, and 24 x 144 = 3456, 
and 3456 -^ 162 =» 21i feet, or 21 feet 4 inches, the 
length required* 

PROBLEM VIII, 

EXAMPLES. 

1. 15 -*« 3 »= 5 feet, one-third of the altitude of the 
cone ; then ,7854 x 5 = 3,92^ the divisor, and 30 X 
144 = 4320 ; then 4320 -h 3,927 = 1100 +, the square 
of the diameter ; then vllOO =*= 33,1647 + inches, the 
diameter of the base required. 

2. 9 4- 3 » 3 feet, one-third of the altitude of the 
cone ; then ,7854 x 3 = 2,3562 the divisor, and 16 X 
144 = 2304, and 2304 -#- 23562 - 977,8 + the square 
of the diameter ; then v977,8 = 31,87 -- inches, the 
diameter required. 

3. ,7854 X *= 2,0944 the divisor ; 18 x 144 = 2592 ; 
then 2592 -h 2,0944 = 1237,5716 + ; then vl887,6716 
^ 35,18 — inches, the diameter required. 

PROBLEM IX« 
EXAMPLES. 

1. 80 X 20 X ,7854 = 314,16 the divisor, and 20 x 
144 =» 2880, and 2880 + 314,16 =» 9,1673 +, one-third 
of the altitude of tihie cone ; then 9,1673 X 3 == 27,5019 
feet, the altitude. 

2. 2 X 2 X ,7854 « 3,1416 the divisor, and 30 -^ 
8,1416 = 9,5492 + feet, one-thhd of the altitude; then 
9>5498 X 3 » 28,6476 feet, the altitude required^ 

PROBLEM X* 
B3LUDLB8* 

1. 6 X 6 X 6 1- 2 <- 108, and ^108 - 4,7622 ^Htbft 
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altitude left at the yertez, and 6 — 4,7622 ^ 1,2378 
feet, the height of the other. 

2. 10 X 10 X 10 -*- 3 *= 333,3333 + ; then 333,3333 
X 2 « 666,6666, and // 666,6666 = 8,7358 + feet the 
altitude left after tiie lower section is cut off; then 10 
— 8,7358 = 1,2642 feet the height of the lower section, 
and -J/333,3333 + = 6,9336 + feet the altitude left at 
the vertex after the middle section is cut off; then 
8,7368 — 6,9336 « 1,8022 feet the height of the mid- 
dle section, and the various heights are 6,9336, 1,8022, 
and 1,2642 feet. 

3. 12 X 1^ X 12 = 1728 fhe cube of the altitude, and 
3 + 4 + 5 = 12, and 12 — 5 = 7; then 12 : 1728 :: 
7 : 1008 the cube of the altitude left at the vertex after 
the lower section is cut off ; then ^1008 = 10,0266 — 
feet the altitude ; then 12 — 10,0266 = 1,9734 feet the 
height of the lower section ; Aen 12 : 1728 : : 3 : 432 
the cube of the altitude left at the vertex after the 
second section is cut off, and .^432 » 7,5595 + feet 
the altitude ; then 10,0266 — 7,5596 » 2,4671 feet the 
heiffht of the nuddle section ; then the heights of the 
sections are 7,6595 +, 2,4671, and 1,9734 f^ the alti- 
tildes required. 

PROBLEiaC XI. 

EZAMFLE8. 

1. 4 X 4 X 2 » 32 the dividend; iV X iV « -nhr or 
,01 the divisor ; then 32 + ,01 » 3200 inches the length 
of the wire ; then 3200 -t- 36 » 88,888 + yards, the 
length of the wire required. 

2. 3x3x3«27the square of the base multiplied 
by one-third of the altitude, and ,001 x ,001 « ,000001 
the square of the diameter of the wire ; then 27 ->- 
,000001 =» 27000000 inches the length of the wire ; 
then 27000000 -»- 36 » 760000 yanb, and 760000 -i- 
1760 » 426]Ar miles, the length of the wire required. 

3. 4x4x3»48the square of the base multiplied 
by one^third of the altitude, and i x i »- ^ the square 
of the diameter of the wire ; then 48 -»- ^ =» 3072t 
Bishes the lengCh of the wire, and 3072 h- 12 » 26G 
feetj the length of the wire required^ 
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SECTION vm. 



OF REGULAR BODIES. 

PROBLEM I. 

EXAMPLES. 

1. 5x5x5XtVx 1,4142 = 14,73125 the soUdity 
required. 

2. 6x6x6xtVx 1,4142 = 25,4556 the solidity 
required. 

3. 4x4x4XtVx 1,4142 = 7,5424 cubic feet, th^ 
solidity required. 

PROBLEM II, 
EXAMPLES. 

1. 9,46 X 12 ^- .1,4142 = 80,27153 + the cube of the 
side ; then ^80,27153 = 4,314 — feet, the length of 
the side required. 

2. 25,452 X 12 + 1,4142 = 216 — the cube of the 
side ; then -^216 = 6 feet, the length of the side. 

3. 36 X 12 ^. 1,4142 = 305,473 + the cube of the 
side ; then -^305,473 = 6,734 + feet, the length of the 
?ide required. 

PROBLEM III 

EXAMPLES^ 

1. 6x6x6xiX 1,4142 - 101,8224 cubic feet, 
the solidity required. 

2. 5x5x5xix 1,4143 - 68,926 cubic inches, 
the solidity required. 

3. 8x8x8xix 1,4142 - 241,3568 cubic fee^ 
the soUdity required. 

PROBLEM lY, 
EXAMPLES. 

. I. 39 K 3 -•- 1>4142 » 67,8829 the cube of the sida] 
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then -^67,8829 « 4,0793 + feet, the length of the side 
required. 

2. 300 X 3 -H 1,4142 « 636,4022 + the cube of the 
side ; then //636,4022 « 8,6 + feet, the length of the 
side required. 

3. 60 X 3 -*- 1,4142 « 127,8 + the cube of the side ; 
then -^127,8 « 5,032 + feet, the length of the side re- 
quired. 

PROBLEM V. 

EXAMPLES. 

1.4x4x4x6x 1,53262 = 490,4384 cubic feet, the 
soUdity required. 

2. 6x6x6x5x 1,53262 « 1665,2296 cubic inches, 
the solidity required. 

3»2x2x2x5x 1,53262 — 61,3048 cubic feet, the 
soUdity required. 

PROBLEM VI. 
EXAMPLES. 

1. 206,901 -I- 1,53262 x 5 = 27 the cube of the side ; 
then //27 s= 3 inches, the length of the side required. 

2. 600 -f- 1,53262 x 5 = 78,297295 the cube of the 
side ; then -^78,297295 — = 4,278 feet, the side required. 

3. 7,6631 -4- 1,53262 x 5 « 1 the cube of the side, 
and ^1 » 1 foot, the length of the side required. 

PROBLEM VII. 
EXAMPLES* 

1. V5 X 3 + 7 = 13,708204, which divided by 2 
gives a quotient « to 6,854102, the square root of which 
w 2,61803 ; then 2,61803 x3x3x3x*- 58,905676, 
the solidity required. 

2. Here 2,61803 x 4 X 4 x 4 X *« 139,62826 cubic 
feet, the solidity required. 

3. 2,61803 X f ^ 2,181691, the soUdity required. 

PROBLEM VIII. 
EXAMPLES. 

1. v5 — 2,236068 the square root of the nuinber 6 ; 
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then 2,236068 x 3 + 7+ 2«- 6,864102, and v6,85410a 
- 2,61803 ; then 2,61803 X * « 2,181691 ; then 58- 
,905675 -*- 2,181691 =- 27 the cube of the side ; then 
^27 = 3 inches, the side required. 

2. 600 -f- 2,181691 = 275,016 the cube of the side 
required ; then ^275,016 — 6,503 + feet, the side. 

3. v5 = 2,236068, which multiplied by 3 «= 6,708204, 
and 6,708204 + 7^-2^ 6,854102, and v6,854l02 « 
2,18691 ; then 2,18691 + 2,18691 -= 1 the cube of the 
side, and ^l^l^ihe lengdi of the side required. 
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SECTION IX. 



OF REGULAR BODIES. 

PROBLEM I. 

EXAMPLES. 

i. 4 X 4 X 1,73205 = 27,7128, the area requiifed 
2. 6 X 6 X 1,73205 *- 62,3538 square feet, the area 
required. 
3: 8 X 8 X 1,73205 = ll0,8512square inches, the area. 

PROBLEM II. 
EXAMPLES. 

1. 8 -4- 1,73205 = 4,67654 — the square of the' side ; 
then v4,67654 ^ 2,1625 + feet, the length of the side. 

2. 12 -«- 1,73205 = 6,927629 + the square of the side ; 
then v6,927629 =« 2,632 + feet^ the length of the side. 

3. 20 -«- 1,73205 = 11,547 + the square of the side ; 
then vllj647> = 3,398 + inches, the length of the side. 

PROBLEM III. 

EXAMPLES. 

i. 8x8x6=^ 384 square inches, the area required. 
2. 10 X 10 X 6 = 600 square inches, the area. 

PROBLEM iv^ 
EXAMPLES. 

1. 216 H- 6 = 36 the square of the side ; then v36»" 
6 feet, the length of the side required. 

2. 300 -«- 6 = 50 the square of the side ; then V50 *» 
7,071 + feet, the side Required. 

PROBLEM V* 
EXAMPLES. 

1. 3 X 3 X 3,4641 ^ 31,1769 square feet, the area 
required. g 
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2. 4^ X 4,5 X 3,4641 » 70,148 + square feet, the 
area required. 

3. 6 X 6 X 3,4641 » 124,7076 square feet, the area 
required. 

PROBUSM VI. 
EXAHFLES. 

1. 20 -4- 3,4641 = 5,7735 + the square of the side ; 
then v6,7735 =* 2,4 feet, the length of the side. 

2. 36 -«- 3,4641 = 10,39231 — the square of the side 
required ; then vl0,39231 = 3,2237 + feet, the side. 

3. 24 -«- 3,4641 = 6,9282 + the square of the side ; 
then v6,9282 + = 2,6321 + feet, the length of the side. 

PROBLEM VII. 

EXAMPLES. 

1. 6 X 6 X 20,64578 = 743,24808 square feet, the 
area of the surface required. 

2. 5,6 X 5,5 X 20,64678 = 624,534846 square feet, 
the area required. 

3. 3 X 3 X 20 64578 = 185,812 + square feet, the 
area required. 

PROBLEM VIII. 

EXAMPLES. 

1. 840 -4- 20,64578 = 40,686232 + the square of the 
side ; then v40,686232 = 6,3785 + feet, the length of 
the side reouired. 

2. 160-1- 20,64578 = 7,2654 the square of the side ; 
then v7,2664 + =» 2,6964 + yards, the length of the 
required side. 

3. 120 -♦- 20,64678 — 6,812326 — the square of the 
side ; and v5,812326 » 2,4108 + feet, the length of 
the side. 

PROBLEM IX. 

EXAMPLES. 

1. 6 X 6 X 8,66025 » 311,769 square feet, the area 
required. 

2. 4,6 X 4,6 X 8,66025 » 176,37 + square feet, the 
required area. 

3. 3 X 3 X 8,66026 - 77,94226 square feet, the area. 



r 



1 



ftcISL] KEY. ^ 



PROBLEM X. 
EXAMFLES. 



1. 294 H- 866026 » 33,9483 + the square of the 
side ; then v33,9482 =» 5,8265 + feet, the length of the 
side required. 

2. 16 -*- 8,66025 = 1,8475 + the square of the side ; 
then vl,8475 ^ 1,36 — yards, the length of theiside. 

3. 284 + 8,66025 =» 32,7936 + the square of the 
side ; then v32,793& » 6,7265 + feet, the length of ( 
the side. 
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SECTION X. 
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l^ENSURATION OF REGULAR BODIES, 

PROBLEM U 

EXAMPLES. 

1. 7 X 7 X 7 X >U785 = 40,42255 cubic feet, the 
flotidity. 

2. 3,6 X 3,5 X 3,5 x ,11785 = 6,05^1875 cubic feet, 
ttie solidity required. 

3. 6 X 6 X 5 X ,11785 =« 14,73126 cubic feet, tine 
aoliijity required. 

BROBLEM II. 

EXAMPLES. 

1. ^30 -fc ,11785 = 1961,634 the cube of the side } 
Aen ^1951,634 » 12,44 + feet, the length of the side 
required. 

2. 128 -^ ,11785 => 1086,126 the oube of Oie side ; 
then /^ 1086,126 « 10,279 + feet, the length of the side. 

8. 3 -I- ,11785 =» 25,456 the cube of the side ; then 
.^26,456 »> 2,941 + feet, the length of the si^e 

PJEIQBLEM III. 
EXAMPLES^ 

1. 12x3 + ll=ip3,2727+; then 12-: 3,2727^. 
8,7273 — inches, the perpendicular altitude required. 

2. 6 X 3 + 11 =- 1,3636 +, and 6. -r- 1,3636:?* 3,6364 
feet, the altitude required. 

PROBLEM IV. 

EXAMPLES. 

1. 30 X 3 4- 11 = 8,1818 +; then 30 — 8,1818 «=? 
21,8182 ; 21,8182 x 8,1818 x 4 = 714,0486 -r tjh^ 
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flquase of the side ; then v71 4,0486 » 26,72 inches^ 
the length of the aide required. 

2. 22x34-ll=^6,aad22 — 6=»16j then 16x6 
X 4 =» 384, and v384 « 19,59 + indies, the length of 

. the side required. 

3. 11 x3 + ll«3, andU — 3-=8; th^8x3x 
4 « 96, and v96 « 9,798 — inches, the length of the 
side. 

PROBLEM v^ 
SXAMPLES.^ 

1. Suppose .the diameter 6,5 ] then 6,6 x 3 ^ 11 » 
1,5, and 5,5 — 1,5 =;=. 4 ; then 4 X 1,5 X 4 «= 24 tl^e 
square of tlie si40,Qf the greatest tetraedron.that can be 
uSsAe from a globe whose diameter » the oqe sui^ 
posed ; then 24 x v24 X ,11785 « 13,85916 — cubic 
mches, the solidity of the greatest tetraedron that can 
be formed within the suppled globe ; then 10 X 10 X 
%0 X ,1:1785 ^ 117,85 cubic inches, the sdidity of the 
tetraedron ^hose side is given ; then 13,85916 : 6,l» x 
5,6 X ^i5 : : 117^86 : 1414,753413 + the cube of the 
diameter required; then ^1414,763413 -» 11,826 -f- 
inches, the diameter. 

.2. Suppose the diameter to he It indiea; then H x 
3 + 11 = 3 ; 11 — 3^ 8; then 8 x 3 x 4 « 96 &e 
square of the side of the greatest tetraedron that <^m be 
^med within its periphery ; then % X v96 X >11785 
w? 110,87328 cubic inches its solidity, and 6 x 6 X 6 X 
,11785 » 25,4556 cubic.lnchQS, the splidityof the tetiae-. 
dron whose side is given ; then 110,873^ : H x H >< 
U :: 25,4556 : 806,496 ^-.tiie cube of the required ilia-, 
meter ; then v^ 305,496 » 6,735 + inches, the duun^te^ 
required. 

3. Suppose the diameter to have been 22 ijtkdies j 
then 22 x 3 + 11 = 6, and 22 — 6 =« 16; then 16 x 6 
^ 4 ~ 384 the square of the side of the greatest equila-. 
teral triangular pyramid that can be formed within the^ 
periphery of tl^e supposed globe; then 384 x v384 X: 
^U785 » 889,584968 cubic mches the solidity^ and 24 
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X 24 X 24 >< ,11786 = 1629,1684 cubic inches, the 
solidity of the tetraedron whose side is given ; then 
889,6849 : 22 x 22 x 22 : : 1629,1884 : 19600 the cube 
of the diameter required.; then v'l^^OQ «=? 86,91 -j- 
inches, the diameter required.. 

FROBIiEM VL 

EXAMPLES. 

1. 3,2& X 3,26 X 3,26, X ,4^:14 « 16,1822 + cubic 
feet, the soHdity req^uired. 

i2f; 2 X 2 X 2 X ,4714 ^ 3,7712 cubic inches, thp 
solidity required. 

3; 6 X 6 X 6 X ,4714 = 68^926 cubic feet, tfi,e splidr 
ily required. 

PROBLEM; VII.. 

EXAltfPLES*. 

1, 12 -I- ,4714 *n 26,466 + the cube of the sidle ; then^ 
<^2$,466 ==i 2,9416 + feet, the side required. 

2, 128 -ir ,4714 = 271,6316 + the cube of the side ; 
thep; -5/271,6316 =^ 6,476 + feet, ihp length of the side 
required. 

3^ 9 + ,4714 =*. 19,092 + the cube of the side ; then, 
«^19iP9a =? ^,6727 + feet, the side requirecL. 

^R03LEM VIII,. 
EXAJIPLES. 

1. 2 X 2 X 2 X 7,66312 « 61,30496 cubic feet, the. 
solidity required. 

2. 3 X 3, X 3 X 7,66312 =» 206,90424 cubic feet, the^ 
$oli(]tity; 

3. 4 X 4 X 4 X 7,66312 =- 490,43968 cubic ipches^ 
tjbe i^olidity cequired. 

]?ROBLE])& IX.. 
. . I EXAKPLBS. 

1. «0O+.7,6e312 = 65,247576 + (he cube of the. 
side,; then ^65,247575 » 4,02&— feet, the Isagtk ^' 
I^Q side required. 
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a 128 + 7,66312 =- 16,7 + the cube of Ae side ; 
then v/16,7 =3 2,556 + feet, the length of the side 
required. 

3. 1728 -^ 7,66312 ^ 226>49562 the cube of the side ; 
then ^225,49662 = 6,0866 + feet, the length of the^ 
side required. 

PROBLEM x^ 
BXAHFLBS. 

1. 3 X 3 X 3 X 2,18169 « 68,90563 cubic feet, the 
solidity required. 

2. 4 X 4 X 4 X 2,18169 » 139,62816 cubic ^t^ the 
sohdity required. 

3. 6 X 6 X 6 X 2,18169 ^ 471,245 + cubic feet,.the 
i^dity required. 

PROBLEM xt'. 



1. 24 H- 2,18169 » 11 + the cube of the side, and' 
Vll » 2,22398 + feet, the length of the sicte. 

2. 128 * 2,18169 «» 58,67 the cube of the side ; thea 
^58,67 = 3,841 + feet, the length of the ade. 

8. 16 -*• 2,18169 = 7,333764 + the cube of the side ; 
then ^7,333764 ^ 1,9428 + &Qt, the length of the. side, 
required.. 
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SECTION XL 



OF REfillliAK BODIES. 

1. 8 X 9 X 8 X ,6236 + ,11785 =« 2274,7838 t~ Aoi 
cube of tfie side ; then ^2274^882 «» 13^516 + 
inches, the side required, 

2. 6 X 6 X « X ,628« ■*■ 117SS .^ 959,674162 iQie 
cube of ihe side ; then -^959,674162 « 9,8637 + ieet, 
the side lequiredt 

1. a) X 20 X SO X ,4714 * ,113SS ^32600 the mU 
of tlie side ; then ^32000 ^ »1,T48 .+ iadiee, the 
length of the side required. 

2. 3x3x3 X ,41714 -i. ,11786 ^ lOSth^dibeoftthe 
aide ; then ^108 ^ 4;r622 *f &et,4he letigth of tb9 
side xequirecl' 

FIlOBi.EM IIl^ 
EXAMPLES. 

1. 4 X 4x4 x7,e6312-*. ,4714-. 1040,39-. the cube 
of the required side ; then -^1040,39 « 10,1328 feet, 
the length oi the side. 

2, 6 X & X 6 X 7,66312 ^ 3511,315 the cube of the 
side ; theQ ^3511,316 =« 15,2 — fe^,,the leogth of th^ 
required side^ 

PROBLEBf IV.. « 

EXAMPLES. 

1. 12 X 12 X 12 X 2.18169 + 7,66312=- 491,96164 
-f the cube of the side; then ^491,96164 » 7,89 + 
jbet, the side required. 

2. 10 X 10 X 10 X 2,18169 + 7,66312 - 287,3098T 
'— the cube of the side ; then -^287,30987 « 6,5985. + 
Ieet, the side required. 
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SECTION xn. 



MENSURATION OF RINGS* 

PBOEiLCM Y, 
BXAMFLSa. 

1. 12 + 3 » 15 the sum of the inner diameter and 
thickness of the ring ; then 15 x 3 x 9,8696 » 444,132 
square inches, the area required. 

2. 18 + 4 = 22 inches the sum of the inner diame- 
ter and thickness 4)f the ring ; then 22 x 4 x 9,8696 =» 
868,5248 inches, the area of the sur&ce required. 

3. 18 + 2 =• 20, and 20 X 2 X 9,8696 = 394,784 
aquare inches. 

PROBLBM II. 



1. 9 + 3 » 12 the sum of the inner diameter and 
thickness of the ring, and 3 •+- 2 =5 1,6, half the thick- 
ness of the ring ; then 1,5 x 1,6 X 12 x 9,8696 ^ 266- 
,4792 cubic inches, the solidity required. 

2. 12 -f 4 =» 16 the sum of the inner diameter and 
thickness of the ring, and 4 -4- 2 » 2 inches the semi- 
diameter of the ring ; then 2 x 2 X 16 X 9,8696 « 631- 
,6544 cubic inches, the soUdity required. 

8. 16 -f 2 =^ 18 the sum of the inner diameter and 
diameter of the ring, and 2 -^ 2 »« 1 the semidiameter of 
the ring, whose square will also be 1 ; 1 x 18 X 9,8696 
=5= 197,6528 cubic inches, the ^idity required. 

4. 12 -fr 5 == 17 inches the sum of the given diame^ 
ters, and 5 -4? 2 » 2,5 inches half the diameter of the 
the ring ; then 2,5 x 2,5 x 17 X 9,8696 ^ 1048,645 
cubic inches, the solidity, 

PROBLEM III^ 
^ BXAMTLSS. 

1. 789,568 -H 9,8696 - 80, and 80 ■♦- 4 = 20, an^ ?ft 
r-r. 4 »9s 16 inches^ the diameter Tequire<^^ 
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2. 138,1744 -•- 9,8696 == 14. and 14 4- 1 = 14 the 
sum of the inner diameter and that of the ring ; thei' 
14 — 2 = 12 inches, the inner diameter of the ring. 

3. 1728 + 9,869ft « 175,08 + ; then 175,08 + + 4 
= 43,77 + the sum of the given and required diame- 
ters ; then 43,77 — 4 = 39,77 inches, the inner diame- 
ter required. 

4. 1728 X 4 + 9,8696 = 700,3323 -f, and 3,5 -h 2 = 
1,75 ; then 1,75 x 1,75 « 3,0625 ; then 700,3323 -h 
3,0625 =» 9S8,68 iuches, the sum of the given and re- 
quired diameters ; then 228,68 r— 3,5 » 225,18 inches 
the inner diameter = 18,765 feet, the inner diameter 
required. 

5. 1 -f. 9,8696 -. ,10132123, and i + 2 =«: tV, half 
the thicknessf of the ring; then iV X « Tir, the 
squc^re of half the tbioknei^ of the ring ; then ,10132123 
■*- Ti+r = 25,9382 -\- inches the sum of the given and 
required diameters, and 1 ■♦•8 «?» ,125 = to +; then 
25,9382 — ,125 = 25,8132 inches, the inner diameter 
required. 
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SECTION xm. 



OF MBAsmtma casks. 

PROBLEM I. 

EXAMPLES. 

1. 24 X 24 » 676 the head diameter, and 32 x 32 x 
2 » 2048 twice the square of the diameter at the bung ; 
then 2048 + 676 = 2624 their sum ; then 2624 X 40 -h 
882 =* 119 wine gallons the solidity required. 
- 2. 26 X 26 =» 626 the square of the head diameter, 
and 34 X 34 X 2 = 2312 twice the square of the bung 
diameter ; then 2312 + 626 =» 2937 the sum ; then 
2937 X 46 -i- 1077 = 122,716 — ale gaUon^ the soUdity 
required. 

3. 23 X 23 » 629 the square of the bead diameter^ 
and 32 X 32 X 2 = 2048 twice the square of the bung 
diameter ; then 2048 + 629 =» 2677 the sum ; then 
2577 X 42 X + 882 = 122,7147 — wine gallons the 
soUdity required. 

4. 32 X 32 =» 1024 the square of the head diameter^ 
and 40 X 40 X 2 = 3200 twice the square of the biing 
diameter ; then 3200 + 1024 » 4224 the sum ; then 
4224 X 60 + 1077 = 196,1 ale gallons the soHdity 
required. 

PROBLEM II. 
EXAMPLES. 

1. 24 X 24 » 676 the square of the head diametei, 
and 31 X 31 X 2 = 1922 twice the square of the bung 
diametet, and 1922 + 576 -> 2498 the sum, and 31 — 
24 •> 7th6 difference of the diameters, and 7 X 7» 49 
the aquare of the difierence ; then 49 X ,4 » 19,6 ; then 
2498 — 19,6-2478,4; then 2478,4 x 40 x h- 882 « 
112,4 — wine gallons the content required. 

2. 24 X 24 » 676 the square of the head diameteri 
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and 32 X 32 X 2 = 2048 twice the square of the bung 
diameter, and 2048 + 676 « 2624 the sum, and 32 — 

24 = 8 inches the difference of the two diameters, and 
8 X 8 =* 64 the square of the difference ; then 64 x ,4 
= 25,6, and 2624 — 25,6 - 2598,4; then 2598,4 x 42 
^ 1077 = 101,33 ale gallons, the content required. 

3. 25 x 25 i= 625 the square of the head diameter^ 
and 32 X 32 X 2 = 2048 twice the square of the bung 
diameter, and 2048 + 625 = 2673 the sum, and 32 — 

25 = 7, and 7 x 7 = 49 the square of the difference of 
the diameters ; then 49 x ,4 =- 19,6 and 2673 — 19,6 
=^ 2653,4 and 2653,4 x 45 + 882 - 135,3775 + wine 
gallons, the odoteDl required. 

PROBLEM Illi 

EXAMPLES. 

1. 24 X 24 = 576 the square of the head diameter, 
and 32 X 32 =s 1024 the square of the bung diameter, 
and 1024 + 576 =; 1600 the sum of the squares of both 
diameters ; then 1600 x 40 X ,0017 = l08,8 wine gal- 
lons, the content required. 

2. 20 X 20 = 400 the square of the head diameter, 
and 30 x 30 = 900 the square of the bung diameter ; 
then 900 + 400 == 1300 the sum of the squares of both 
diameters, and 1300 X 50 x 0014 = 91 ale gallons, the 
content required. 

3. 20 X 20 = 40(1' the square of the head diameter, 
and 30 X 30 = 900 tlie square of the bung diameter ; 
then 900 + 40ff == 1300 the sum of their squares, and 
1300 X 60 X ,0017 = 132,6 wine gallons, the content 
required. 

PROBLEM IV. 

EXAUFLES. 

1* 24 X 32 = 768 the product of the head and bung 
diameter, and 32 — 24 »= 8 the difference of the two 
diameters, and 8 x 8 -h 3 =■ 21,333 +, one-third of the 
square of the difference ; then 768 + 21,333 « 789,333 i 
then 789,333 X 40 x ,7854 -•- 231 « 107,3494 — wine 
gallons, Ijhe content required* 
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2. 21 X 30 == 630 the product of the two diameters, 
aad 30 — 21 = 9 inches the difference between the two 
diameters, and 9 x 9 •♦- 3 = 27, one-third of the square 
of the difference of the two diameters ; then 630 + 27 
=-* 657 the sum ; then 657 X 50 x ,7854 + 282 = 
91,49 + ale gallons, the sohdity required^ 

3. 18 X 30 = 540 the product of the two diameters, 
and 30 — 18 « 12 inches the difference of the two dia- 
meters, and 12 X 12 V 3 =» 48, one-third of the differ- 
ence of the squares of the two diameters ; then 540 + 
48 = 588, and 588 x 50 x ,7854 ^ 231 « 99,96 wine 
gallons, the solidity required. 

PROBLEM Y. 

EXAMFLES. 

1. 32 X 32 + 24 X 24 =- 1600 the sum of the squares 
of the head and bung diameters, and 28,75 X 2 = 57,5, 
double the diameter of the middle between the bung 
and head diameters, and 57,5 x 57,5 «» 3306,25 its 
square ; then 3306,25 + 1600 = 4906,25 ; then 4906- 
,25 X 40 X ,0005^ ^ 111,2 wine gallons, the content 
required. 

2. 30 X 30 -f 20 X 20-- 1300 the sum of the squares 
of the head and bung diameters, and 26 x 2 =*» 52, twice 
the middle diameter between the bung and head, and 
62 X 52 -= 2704 ; then 2704 -f 1300 = 4004, and 4004 
X 50 X ,00046666 - 93,425 + ale gallons, the solidity 
required. 

3. 12 X 12 + 16 X 16 « 500 the sum of the squares 
of the head and bung diameters; and 14^5 X 2 = 29 
inches twice the diameter in the middle between the 
head and: bung diameters, and 29 x 29 » 841 its square ; 
then 500 + 841 == 1341 the sum of the squares, and 
1341 X 20 X ,00056666= 15,197 + wine gallons, the 
solidity required. 

PR03LfiM VI. 
EXAMPLES. 

1. 32 X 32 X 39 = 39936, Airty-nine times the square 
of the bung diameter, and 24 x 24 x 25 -= 14400, twen- 

9 
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ty-five times the head diameter, and 24 X 32 x 26 — 
19968, twenty-six times the product of the two diame- 
ters, and 39936 + 14400 + 19968 = 74304, and 74304 
X 40 x;00034 + 9 = 112,2816 wine gaUdns, the solid- 
ity required. 

. 2. 24 x 24 x 25 — 14400, twenty-five times the square 
of the head diameter, and 36 x 36 x 39 = 60644, thir- 
ty-nine times the square of the bung diameter, and 24 
X 36 X 26 = 22464, twenty-six times the product of 
the head and bung diameters ; then 22464 + 60644 + 
14400 = 87408, and 87408 x 60 x ,00034 + 11 « 136- 
,085 ale gallons, the solidity required. 

3. 30 X 30 X 39 = 351 00, thirty-nine times the square 
of the bung diameter ; 20 X 20 x 26 = 10000, twenty- 
five times the square of the head diameter ; 20 x 30 X 
26 = 15600, twenty-six times the product of the head 
and bung diameters, and 35100 -f 10000 -f- 16600 « 
60700, and 60700 X 48 x ,00034 -h 9 « 110,0693 -f 
wine gallons, the capacity of the cask required. 

PROBLEM VII. 
EXAMPLES. 

1. 32 X 32 « 1024 the square of the diameter of the 
cask at the surface of the liquor, and 24 X 24 = 676 
the square of the diameter of the nearest end, and 29 X 
2 = 58, twice the diameter in the middle between the 
diameters ; then 68 X 58 = 3364, and 3364 + 1024 + 
576 — 4964 the sum of those squares, and 12 •♦- 6 = 2 
inches, one-sixth of the depth of the liquor ; then 4964 
X 2 X ,0034 « 33,75 -f- wine gallons, the quantity 
required. 

2. 24 X 24 « 676 the square of the head diameter, 
and 29 X 29 = 841 the square of the diameter at the 
surface of the liquor, and 27 X 2 = 64 inches, twice the 
diameter in the middle between the other two, and 64 
X 64 = 2916 its square ; then 2916 + 841 -f- 676 — 
4333, and 4333 X ,0028 4- 10 ■*- 6 - 20,22 + ale gal- 
lons, the quantity required. 
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PBOBLEM VIII. 
EXAMPLES. 

1. 8 •+- 32 = ,25 the tabular versed sine, and ,153546 
its corresponding area ; then ,153546 x 92 x 1,26 » 
17,66779 ale ralTons, the ullage required. 

2. 24)6 = ,25 the tabular versed sine, and ,153546 
the corresponding area ; then ,153546 X 49f X 1,25 = 
9,5326 + wine gallons it lacks of being fiill ; then 
49,6666 — 9,5326 = 40,134 wine ^ons the quantity! 
left in the cask, and consequently the ullage required. 

3. 12 -4- 32 = ,375 the tabular versed sine, and 
,269013 the corresponding area ; then ,269013 x 119 x 
1,25 *s 40 + wine gallons the quantity lacking to fill 
the cask ; then 119 — 40 » 79 wine gallons, the cask 
contains. 
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SECTION XIV. 



ARTIFICERS' WORK. 

PROBLEM I. 
EXAMPLES, 

1. 48 X 12,5 ^ 272,25 = 2,20385 ; then 2,20385 X 6 
••- 3 -= 3,673 + square perches, the answer required. 

2. 63,25 X 16,75 -f- 272,25 - 3,8914 square perched 
3J- bricks thick ; then 3,8914 x 5 -*- 3 -=: 6,452 + square 
perches, the number sought. 

3. 60 X 2 a* 120 feet the length of the two side walls, 
and 35,5 x 2 = 71 feet the length of the two ends ; 
then 120 + 71 = 191 feet the whole length of the wall, 
and 191 x 30 = 5730 square feet, and 35,5 x 10 = 355 
square feet in both gables ; then 5730 + 355 ^ 6085 
sqiiare feet in the whole wall ; 6085 ■<- 272,25 = 22,35 
+ perches two bricks in thickness ; then 22,35 x 4 -♦• 
3 = 29,8 square perches, the answer required. 

PROBLEM II. 
EXAMPLES. 

1. 45,5 X 2 = 91 feet the length of the sides, and 24 
X 2 =» 48 feet the length of the two ends ; then 91 + 48 =»- 
139 feet the whole length of the wall ; then 139 x 6,75 
X 2 -♦- 16,5 =- 113,72 + perches the number required. 

2. 42 X 2 =s 84 feet the length of the two sides, and 
26 — 4 =» 22 feet the breadth in the inner side ; then 
22 X 2 « 44 feet the length of the two ends ; then 84 + 
44 = 128 feet the whole length of the wall ; then 128 
X 6,5 X 2 -♦- 16,5 = 100,8484 + perches, the content of 
the cellar wall ; then 100,8484 x ,40 « $40,339 the 
expense required. 

3. 36 X 2 = 72 feet the length of the two sides, and 
24 X 2 — 48 feet the length of the two ends; then 72 



Sbc. XIVJ KEY. tOl 

+ 48 » 120 feet the whole length of the wall ; then 
120 X 6 X 1,75 -H 16,5 = 76,36 perches the content of 
the wall; then 76,36 x ,.90 = #68,724 the expense 
required. 

4. 58 X 2 ^. 116 feet the length, of the two sides, and 
15 X 2 » 30 inches or 2,5 feet twice the thickness of the 
wall ; tlien 26 — 2,5 = 23,5 length of each end at the 
inner side ; then 23,5 x 2 = 47 feet the length of the 
two ends ; then 116 + 47 =» 163 feet the whole length 
of the wall ; and 163 x 22 = 3586 feet the soKdity of 
the upright part, 15 inches thick ; then 23,6 X 12 = 283 
feet the solidity of the gables^ 15 inahes> thick ; then 
3686 + 282 « 3868.; tiben 3868 x 1,26 -h 16,6 ==f 293 
-4- perches, without deductions fox doors and windows^ 
and 293 x ,56 ^ $164,08 the expense of workmanship, 
and 8 X 4,5 x 2 =,72,. and 28 x 3,6 x 6 = 688, and 
688 + 72 =« 660 feet 15 inches thick the deductions for 
doors, and windows; then 660; x 1,25 -•- 16,6 =^ 60 
perches ; then 293 — 50 =v 243» perches after the 
deductions are made,, and 243: x ,44 *« $106,92, the 
value of the stone. 

PAOBJLEM. III^ 
EXAMPLES. 

1. 6&X: 28,75 4r 100 =^ 17,2& sq^are9, the mimber 
required. 

2. 45,5 X: 26,76 X: 3 X 1,36 -»• 100-«« $49,P687, the 
expense required. 

3. 96,78 X 1;1,6 ^ 100. ^ 1M3625 squares, the, 
9nswer required. 

4. 30,26 feet the breadth of the building ; * = ,6 ;: 
then 30,^6 X 6 — 18;16 feet the length of the rafter ; 
then 52,^ X 18,15 x 2 -»■ 100 - 19,0676 the number of 
iiquarea; t^n 19,0675 x 1,25 » $23,82, the expefia^ofi 
goofing, ^ 

PROBLEM IV. 
EXAMPLES. 

1. 48,6 x 36,26 » 1708,126 square feet, the content; 
9. 26,76 the breadth of the building : then 26,76 X: 

9* 
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,76 *» 20,0626 the length of the rafter ; then 20,0626 x 
2»40,126 the girt, and 9 inches J^ of a foot; then 
,76x2*1,6 feet the whole projection; then 40,126 + 
1,6 «= 41,626 the whole girt including the projection ; 
then 41,626 x 42,6 x 3,4 + 100 - $60,148 + the «x- 
peose required, 

PROBLEM V, 

EXAMPLES, 

1. 64,76 X 24,5 h- 9 s^ 32,376 square yards^ the con* 
tent required. 

2. 160x 11,5 -f-9=- 191,67 — square yaids. 

3. 21,6666 x 2 =• 43,3332 feet the length of the two 
sides, and 17,3333 x 2 » 34,6666 feet the length of the 
two ends ; then 43,3332 + 34,6666 «- 78 feet the whole 
length around the room ; then 78 x 10,26 = 799,6 
square feet ; then 21,6666 x 17,3333 =- 376,6 feet the 
area over head ; then 799,5 + 375,5 «« 1 175 feet, and 
7 X 3,25 -= 22,75 the area of the door ; then 1175 — 
22,76 -«- 9 *» 128,028 — square yards of plastering ; then 
128,028 X ,07 ^ $8,961, the expense required, 

PROBLEM tri. 

EXAMPLES. 

1. 46 X 18,76 X ,40 -4- 9 «- #37,5 the expense ree 
quired. 

2. 64,76 X 45,5 x ,46 •*- 9 ^ $147,30, the expense 
required. 

3. 1,20 X 4 •«- 40 « 12 yards, the side of the square 
required. 

PROBLEM VII. 
EXAHPLE8. 

1. 40 X 40 X ,7854 + 2 =* 628, 32 square feet the area 
of the end ; then 628,32 x 124 = 77911,68, the solidity 
required. 

2, 40 X 80 X 12 X ,7864 « 30169,36, the solidity re- 
quired. 

a 48 •*- 2 »» 24, half the chord, and 24 X 24 X 7 — 
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4032, seven times the square of half the chord, and 18 
X 18 X 2 = 648, twice the square of the versed sine ; 
then 4032 + 648 « 4680, and 4680 x 7 = 32760, and 
V32760 =» 181 — , and 24 x 24 + 18 x 18 = 900, and 
V900 =- 30 ; then 30 x ♦ « 40, and 181 + 40 == 221 ; 
then 221 x 18 x ,16 x 2 = 1272,96 the area of the two 
circular segments, and 48 X 48 X ,433013 ^ 997,661952 
the area of the triangular part; then 1272,96 + 997- 
,661952 « 2270,605752 the arfea of the end ; then 2270- 
,60672 X 60 =;= 136236,34512, the solidity required. 

PROBLEM VIII. 

EXAMPLES. 

L 3,1416 X 20 X 120 =« 7539,84 square feet, the area 
of the concave surface required. 

2v 3,416 X 15 X 90^*- 1413,72 squate Yeet, the area 
of the concave surface required* 

PROBLEM IX. 

1. eax 60 Xs7864 *- 2827,44 square feet the area 
of the base and 60 -♦- 2 =* 30 feet the height j then 30 X' 
h^ aOfeiet, twpi^irds the heijght ; then 2»27,44 x 20 
^ 56548,8 cubic feet, the solidity of the dome required; 

2. 90 X 90 X 3,1416 «i« 25446^96 square feet the area 
of the base, and 90 -»- 2»«>45 feet the height of the 
dome ; then 45 x f =«30 feet, two-thirds of the heirfit, 
and 25446,96 X 30 - 763408,8 cubic feet, the solidity 
required, ^ 

PROBLEM X. 
EXAMPLBS, 

1. 20 X 20 X 4,828427 X 2 - 3862,7416 square feet 
the area of its surface ; then 3862,7416 -h 9 X ,12 »• 
$51,503 +, the expense required. 

2. 20 X 20 X 2,598076 x 2 -i^ 9 =.* 230,94 4- square 
yards the area of the surface ; then 230,94 x ,15 =» $34- 
164I4 the expense required* 
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PROBLEltf XI.. 

e:(amfles. 

1. Here 16 — 2 x 2 = 12 ; then the flat part of the 
ceiling is 16 feet by 12-, then 16 x 2 4 12 X 2 = SS- 
feet the perimeter ; then 56 -§- 4 =» 14 feet, one-fourth' 
of the perimeter ; then 14 X 2 = 28 ; then multipl3ring' 
by the projection 2 feet — 56 ; then 3,1416 x 56 =^ 175-^ 
,9296 = A ; then 20 — 16 « 4 ; then 4 x 4= 16 ; then 
2 X t X 16 =^ 21,333 4 =- B ; X6 x 12 « 192 square, 
feet the area of the flat ceiling ; then 192 x 2 === 384 
the area of the flat ceiliog multiplied by the height of 
the arch ; then 384 + 175,9296 + 21,333 =- 581,262ft 
+ cubic feet, the solidity required. 

2. 40 X 40 X 25 X ,7854 =- 31416 cubic feet, the solids. 
ity of the upright part, and 40 x 40 x ,7854 x5xi^ 
4188,8. the solidity of the arch ; then 31416 + 4188,8.: 
ifB 35614,8 cubic feet, the soUdity required., 

PJ^BLEM xiu 

1. 12 X 12 X 6 X .904 = 781,056 cubic f6et, the solicfs 
ijy required* 

?. 20 X 20 X 6 X ,904 ^ 2169,6 cubic feet, the solids 
i|ty required. 

PROBLEM XI ri.. 

EXAMPLES. 

1. 16 X l&X 1,1416 =^292,2496 square feet,. the aieat 
ijequired. 

2. 14 X 14 X 1,1416 » 223,7536 squai!e feet, the ^X^ 
Wjuired*, 
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MENSURATION OF SOLlt)S. 

PROBLEM I. 
EXAMPLES. 

1. 8 + 2 = 10, and 10 X 9 X 8-1- 6 = 120, the num- 
ber of shot required. 

2. 30+2 = 32; then 32 X 31 X 30 + 6 = 4960, the 

number of balls required. 

PROBLEM II. 

EXAMPLES. 

1. 20 X 2 + 1 = 41, and 20 + 1 =« 21 ; then 21 X 
41 X 20 -4- 6 = 2870, the number required- 

2. 30 X 3 + 1 = 61, and 30 + 1 « 31 ; then 61 X 
31 X 30 -f- 6 = 9455, the number of shot required. 

3. 12 X 2 -f 1 - 25, and 12 + 1 « 13 ; then 26 X 
13 X 12 -h 6 = 650 shpt, the number required. 

PROBLEM HI. 

EXAMPLES. 

1. 30 X 2 + 1 = 61, and 31 — 1 « 30, and 30 x 3 
« 90, and 90 + 61 =- 151 ; then 161 x 31 X 30 -i- 6- 
23405, the number of shells required. 

2. 20 X 2 + 1 = 41, and 24 — 1 =- 23, and 23 X 3 
- 69, and 69 + 41 =» 110; then 110 X 21 X 20 -i-6« 
7700, the number required. 

3. 30 X 2 + 1 =- 61, and 41.— 1 « 40, and 40 X 3 
-p 120; then 120 + 61 = 181 ; then 181 x 31 x 30 •# 
6 » 28056 shot, the number required. 

PROBLEM IV. 
EXAMPLES. 

1. 40 -f- 2^42x41 x40-f.6=-11480thenumberU 
(he pile was complete, and 19 + 2 — 21, and 21 X 20 X 
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19 + 6 = 1330 ; then 11480 — 1330 « 10160, the num- 
ber of shot in the unfinished pile. 

2. 24 + 2 = 26, and26x26x24-»-6 = 2600 th^ 
number of shot there would be if the pile was complete, 
and 7 + 2 =9, and 9 X 8 x 7 + 6 == 84 the number it 
would take to complete the pile ; then 2600 — 84 « 
2516, the number required. 

3. 24 X 2 + 1 = 49, and 24 + 1 =- 25 ; then 49 X 
25 X 24 -I- 6 = 4900 the number there would be if the 
pile were complete, and 7 x 2 + 1 =* 15 ; then 15x8 
X 7 H- 6 = 140 the number it would take to completp 
it ; then 4900 — 140 = 4760, the number required. 

4. 30 X 2 + 1 = 61, and 30 + 1 = 31 ; then 61 x 
31 X 30 H- 6 = 9455 the number if the pile were com- 
plete ; then 11 X 2 + 1 =» 23, and 11 + 1 = 12 ; then 
23 X 12 X 11 •<- 6 = 506 the number it would take to 
finish the pile; then 9455 — 506 =» 8949, the number 
of shot contained in the unfinished pile. 

6, 40 X 20 = 800 the nuinber contained in the lower 
tier ; 40 — 12 = 28, and 20 — 12 = 8 ; then 28 x 8 
« 224 the number in the upper course ; then 800 + 
224 X 13 H- 2 =^ 6144, the number required. 

6. 30 X 20 = 600 the number in the lower course, 
and 30 — 9 = 22, and 20 — 8 = 12; then 22 x 12« 
264 the number in the upper course, and 600 + 264 » 
864 the sum of the two extremes ; then 864 x 8 -«- 2a« 
3456, the number of shot required. 
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OF SPECIFIC GRAVITY. 

PROBLEM I. 
EXAMPLES. 



1. 10 — 7 =» 3 lbs. the weight lost in water ; then 3 
: 10 : : 1000 : 3333 avoirdupois ounces the specific gra- 
vity, or the weight of one cubic foot of the stone. 

2. 24 — 20 = 4 lbs, the weight lost in water j then 
4 : 1000 : : 24 : 6000, the specific gravity required. 



PROBLEM II. 



EXAMPLES. 



1. 18 + 15 = 33 the weight of the compound in air, 
and 18 — 16 = 2 lbs. the weight of the copper lost in 
water, and 33 — 6 = 27 the weight of the compound 
lost in water ; then 27 — 2 =^ 25 the actual weight of 
the compoimd lost in water ; then 25 : .1000 : : 16 : 
600, the specific gravity required. 

2. 37 ft5 + 18 = R5 the weight of the compound in 
air, and 18 — 16 = 2 lbs. the weight of the copper lost 
in water, and 55 — 13 = 42, and 42 — 2 = 40 lbs. the 
weight of the compound lost in water ; then 40 : 1000 
: : 37 : 925 ounces, the specific gravity required. 



PROBLEM III. 
EXAMPLES. 



1. 40 — 34,61 = 5,39 the weight lost in the fluid ; 
then 40 : 5,39 : : 7425 : 1000, the specific gravity of the 
fluid being water. 

2. 40 — 35,376 « 4,625 the weight lost by weighing 
in the fluid ; then 40 : 8000 : : 4,626 : 926, the specific 
gravity of the fluid -« to proof spirits. 
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PROBLEM IV. 

EXAMPLES. 

1. 9000 the specific gravity of copper, and 7320 the 
specific gravity of tin ; then 9000 — 7320 = 1680, and 
8784 the specific gravity of the compound ; then 1680 
X 8784 = 14757120, and 9000 — 8784 = 216 ; then 
216 X 7320 = 1581120, and 8784 — 7320 - 1464, 
and 1464 x 9000 = 13176000 ; then 14757120 : 112 : : 
13176000 :100 lbs. weight of copper, and 112 — 100 
= 12 lbs. tin. ' 

2. 9000 — 7320 = 1680; then 1680 X 8440 = 
14179200, and 9000 — 8440 = 360 ; then 360 x 7320 
= 4099200, and 8440 — 7320 = 1120, and 1120 X 
9000 = 10080000 ; then 14179200 : 48 : : 10080000 : 
34,1225 + lbs. the weight of copper, and 48 — 34,1225 
+ = 13,8775/65. of tin. 

PROBLEM V. 
EXAMPLES. 

1. 2700 : 1728 : : 112 : 71,68 cubic inches, the solid- 
ity required. 

2. 3000 : 1728 : : 300 : 172,8 cubic inches, the solid- 
ity required. 

PROBLEM VI. , 

EXAMPLES. 

1. 2,5 X ,5 X 16 X 12 = 240 cubic inches the solid- 
ity of the bar; then 1728 : 7645 : : 240 : 1061,8 avoir- 
dupois ounces = to 66,3626 pounds. 

2. 1 lb. : 2700 : : 63 X 12 X 12 : 24494400 avoirdu- 
pois ounces, which divided by 16 « 1630900 pounds ; 
then 1530900 -f- 2240 = 683t^ tons, the weight required. 

3. 282 solid inches make a gallon ale measure, and 
8 pints make a gallon ; then 282 — 8 =* 35,25 cubip 
inches the solidity of the gunpowder ; then 1728 : 922 
: :' 35,25 : 18,8 ounces, the weight required. 

4. 1 : 765 :: 128 : 96640 ounces ; then 96640 -f- 16 
» 6040 pounds, which divided by 112 » 54 — bim* 
dred weight nearly. . 
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6. 12 X 12 X 16 X 14 » 32256 cubic inches the 
solidity of the stick of timber ; then 1728 : 926 : : 32366 
: 17266 + ounces ; then 17266 + 16 «= 1079 + lbs. the 
weight required. 

6. 4 X ^6 X 1,76 « 17,5 cubic feet, the solidity of 
the stone ; then 1 : 2520 : : 17,6 : 44100 ounces, the 
weight of the stone « 2756,25 lbs, 

7. f = ,75 ; then ,75 x ,75 x ,75 x ,6236 ** ,22089376 
cubic inches, the solidity of the ball ; then 1728 : 11325 
: : ,22089376 : 1,4477 ounces, the weight of the ball 
required. 

8. 1728 : 17724 : : 1 : 10,257 — avoirdupois ounces, 
the weight required. 
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MISCELLANEOUS QUESTIONS. 

1. 'l6,75 X 16,75 = 280,5625 square feet, the num- 
ber required. 

2. 24 X 16,75 X 1,50 -*- 100 =- $6,03, the espense 
Required. 

3. 35 X 40 -*- 10 « 140 acres, the area required. 

4. 24 -»- 2 « 12 chains half the perpendicular ; then 
36 X 12 -H 10 = 31,2 acres the area, and 36 x 36 + 
24 X 24 » 1872 the square of the hypotenuse ; then 
V1872 = 43,2666 + chains, the length of the hypote- 
nuse. 

5. 4,5 X 10 » 46 square chains the area, and 4 -«- 
2 = 2; then 2 x 2 + 46 = 49 the square of the 
half sum of the two sides ; then v49 = 7 chains the 
half sum ; then 7 + 2 « 9 chains, the longer side, and 
7 — 2=5 chains, the shorter. 

6. 144 -4- 8 =» 18 inches, the length required. 

7. 3,1416 X 25 = 78,54 rods, the length of the wall 
required. 

8. 160 X 12,5664 = 2010,624 the square of the cir- 
cumference, then v2010,624 = 44,84 — rods, the length 
of the wall required. 

9. 30,25 X 80 X 9 — 21708 square feet the area of 
the garden ; 21780 -*^ 7854 = 27731,0924 the square of 
the fiameter of the garden ; then v27731,0924 = 166,62 
feet the diameter of the garden ; then 166,52 + 4 « 
170,62 feet the diameter including the wall ; then 
170,52 X 170,62 x ,7854= 22837,131 square feet the 
area of the garden including the wall ; then 22837,131 
— 21780 = 1057,131 square feet of land the wall stands 
on ; then 1067,131 x 4,6 ^ 16,5 = 288,3 perches, the 
answer required. 
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IX). 1601 X 30,25 X 9 H- 12 « 3630, the ntimber of 
Dpuen. retiuired. 

11. 46 X 36 X ,7854 + 160 =^ 8,1289 acres, the arpfi 
required- 

12. 4 X 12 ^ 48 inches the length of the pole ; then 
48 -f- 2 = 24 inches to the centre ; tiien 24 + 6 « 30 
inches the distance from one end to the place where the 
weight is suspended, and 48 — 30.;= 18 inches from 
the other end ; then 48 : 128 : : 30 ; 80 the number of 
pounds carried by one, and 128 — 80 = 48 pounds 
carried by the other ; then 80 — 48 = 32 f6. the differ- 
ence required. 

13.. 18 X 18 X 18 X ,6236 -*- 1728 = 1,76715 cubic 
feet, the solidity required. . 

14. 60 X 60 X ,7854= 2827,44 square chains the area 
of the circle ; then 2827,44 -i- 3 = 942,48 square chains 
to be cut off; then 942,48 + 60 X 60 =- ,26180 the 
tabular area, the corresponding versed sine is ,3675352 
which multiplied by 60 the given diameter =» 22,052 + 
ohains the versed sine of the segment ; then 60 — 22,052 
-= 37,948 and 37,948 x 22,052= 836,829296 the square 
qf half the chord ; then v836,829296 = 28,928 —chains, 
half the chord ; then 28,928 X 2 = 57,856 chains, the 
length of the chord required. 

16. 64 +2= 32 half the chord; then 32x32 -♦-16=64, 
and 64 + 16 = 80 feet, the diameter of the circle required. 

16. 10 X 10 = 100 square chains the area ; then 100 
X 5 -H 4 = 125 the square of the longer side ; then Vl25 
=a 11,18 + chains the length of the longer side ; then 
1,1,18. X 4 -H 5 = 8,944 chSins the shorter side. 

17. 30,25 X 40 = 1210 square yards, the area ; then 
1210 -^ ,7854= 1540,6162 + the square of the diameter 
of the orangery; then vl540,6162 =-39,25 + yards 
the diameter ; then 39,25 ■<- 2 = 19,625 yards the length, 
pf the line required. 

18. 17 X 17 X ,7854 x 42 -h 144 = 66,8 + cubic feet 
th^ solidity required^ 

. 19. 6 X 6 x 6 x ,5236= 1 13,0976 cubic inches the sohd- 
ity of th^ globe j then A X -A =- rir; then dhr X ,7854 
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*a ,0019636 the area of the end of the wire ; then 
113,0976 ■*- ,0019635 - 67600 inches = 1600 yards, 
the length of the wire required. 

20. The specific gravity of cast iyon is 7425 ; then 
7426 : 1728 : : 400 X 16 : 1489,46 + cubic incites, the 
solidity required. 

21. 40 X 40 X ,7864 x 3 -*- 144 ^ 26,18 cubic feet, 
the solidity required. 

22. 48 X 27 X 6 -*- 27- 288 solid yards, thesoUdity 
required. 

23. 4 feet 6 inches = 64 inches ; then 64 X 64 x 84 
-^ 2150,4262 = 73,22.45 + bushels the solidity required. 

24. 8 X 8 X 8 = 512 the cube of the altitude of the 
cone ; then 512 x 7 h- 8 = 448 the cube of the attitude 
left at the vertex after the section is taken off; then 
-,J^448 = 7,65 + feet, the altitude required. 

26, 40 Hr 2 = 20 half the length of the perpendicular ; 
then 50 X 20 = 1000 square chains the arc of the tri-. 
angle; then 1000 : 60 x 60 : : 1000 ■♦- 2 : 1260 the 
square of the base left at the verticle angle after the 
division ; then V1260 = 35,3553 + chains the length of 
the longer base, and 50 — 35,3663 = 14,6447 chained 
the shorter. 

26, 10x4 + 3«f43roods,and43x40 + a=-172& 
square rods the area of the parallelogram ; then 1728 
X 2« 3466 twice the area, and 60 X 60 — 3466= 144 
the square of the difference between the length and 
breadUi ; then vl44 =» 12, rods the difference, and 12 
•*- 2 « 6 rods half the difference, wd 60 x 60 + 346fi 
« 7066 the square of the sum of the two sides ; then 
V706& = 84 rods the sum of the two sides ; then 84 -t- 
2 =a 42 the half sum and 42 + 6 = 48 rods the longrei 
pide, and 42 — 6 =« 36 the shoxter, hence the two sides 
are 48 and 36 rods. 

27. 6 X 6 X 1,5 X ,7864 == 42,4116 cubic inches con-, 
tained in the plank ; then f x + X i= A the solidity of 
one of the pieces, and 42,4116 -»- tjV = 2714 + pieces. 

2a 6 X 12 =« 60 inches, and 6 X 12 = 72, and 7 )< 
12 -1 84 inches ; then 72 x 60 =« 4320, and 72 — 6a»^ 
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12 incl^ei? the ^i^er^nce between the top aad bottom) 
di2u«eters ; then 12 x 12 -*• 3 = 48, oAe-third of the 
square of the difiQxence ; then 432Q 4- 48 = 4368 ; 
then 4368 X 84 x ,7854 + 282 = 1021,888a ale gal- 
lons, the content required. 

29. 7 X 7 = 49 the square of the diam^eter, and 2,5 
X 2,^ = 6,25 the square of the diameter of the hollow 
9P^cp; then 49— 6,25 = 42,75; then 42,75 x 30 x 
,7864 -♦: }6,5 = 61,047 perches, the quantity pf ^tonQ 

ypquire4. 

30. 4 X 3 X ,7854 =^. 9,4248 square rods the area of 
an ellipsis in the given proportion ; then 9,4248 :. 3 X 3 
: : 160 : 152,7884 — the square of the shorter, diameter ; 
then 1/152,7884 = 12,32 + rods the conjugate diameter 
required, and 3 : 12,,32 : : 4 : 16,43 — , the transverse. 

31. 231 X 10 -= 2310 cubic, inches the capacity of 
t^e bohpw globe; th^n 2310 -^^ ,5236 :^ 4411,764 + 
the cube of the diameter of the hollow global i thw 
v' 441 1,764 = 16,4 -f inches the diaineter of the hpUow 

, globe ; rt^en 16,4 + ,5 = 16,9 the diameter includiog 
me thicknesp of thje glass ; then 16,9 X 16,9 x 16,9 x 
,5236 « 2587,3171924 cubic inches, the solidity of th^ 

■ hollow globe including th.e glass ; then 2527,iJ171924 
— 2310 = 217,3171924 c^bic inches the soUdity of the 
glass; then 217,3171924 -*. 5236 = 416,0453 + the 
cube of the diaiw/eter of the solid globe required ; then 
4/415,0453 = 7,45 + inches, the diameter required. 

32. 60 X 72 = 4320 the product of the two diame-. 
texs, a-.id 72 — 60 = 12 the difference, and 12 x 12 -»• 
3 = 48, one-third of the square of the difference ; tlaen 
4320 + 48 = 4368 ; then 4368 x ,7854 = 3430,.6272; 
square inches the jarea of the surface in cylindric form,, 
or the mean area between the two ends of the cistern ;; 
30 X 31,5 X 231 « 218295 cubic inches the solidity of" 
the cistern ; then 218295 ■<- 3430,6272 = 63,6 +ii3icheft 
f» 6,3 feet, the depth required. 

33. 100 X 100 =» 10000 the square of the length of 
the tree, and 40 x 40 = 1600 the square of the base^, 
^ixd 10000 + 1600 = 11600 the sum of those squares^, 

10* 
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and 100 X 2 =» 200^ twice the length of the tree ; then 
1160 -*- 200 = 58 feet, the length of the broken piece. 

34. 5280 X 8000 = 42240000 the number of feet in 
the earth's diameter; then 42^40000 + 5 X 5 =« 
211200025 the square of the distance where a level 
from the eye will strike the water ; then v21 1200025 
« 14532,378 + feet the distance, and 14532;378 -+■ 
6280 =» 2,752 + miles the distance where a level from 
the eye strikes the water ; then 8000 + 2,5 x 2,5 =*» 
20006,25 the square of the distance where a level from 
the top of the mountain strikes the water ; then 
^ V20006,25 = 141,443 + miles the distance ; then 141^ 

,443^ + 2,762 == 144,195 miles, the whole distance 
requited. 

35.^ 8,1416 the area of the surface of a globe whose 
diameter is 1 ; then 3,1416 X f == 2,0944 the area of 
the surfece required ; then 2,0944 -§- ,5236 ==» 4 inches^^ 
the diameter required. 

36. 4 X 4 X 4 X ,6236 =^ 33,5104 cubic kiches the 
solidity of one ball, and 20 x 112 =» 2240 lbs. one ton ; 
then 2240 X 10 = 35840 ounces ^ one ton ; then 7425 
the specific gravity of cast iron : 1728 : : 35840 : 8341 
— cubic inches contamed in one ton of cast iron ; then 
8341 ^ 33,5104 « 249 -— nea,rly,. thi$ number of balls 
required, 

37. 80 + eO 4- 40 =* 150 the sum of the three given 
sides ; then 150 ■*- 2 =* 75 rods the half sum, and 75 -:- 
60 =* 25, and 75 — 60 == 15, and 75 — 40 - 35 ; then 
T5 X 35 X 15 X 36 == 984376 the square of the area ; 
then V984376 •« 992,2 square rods = 6,2 + acres, the 
area required. 

38. 6x6x2= 72, and V72 - 8,5 — , and 8,6 + 
6 «*»• 14,5 chains the side of the square ; then 14,5 X 
14,6 -p 210,25. square chains = 21,026 acres, the area 
required. 

39^ 20 X 20 =- 400 the square of the given side, and 
400 X 400 *. 160000, the fourth power of the given 
side, and 96 x 96 x 16 + 160000 = 307456, and 
307466 X 7 X 7 = 15065844, and 20 x 20 x- 7 X 7- ^. 
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19600, and 20 x 20 = 400 j then 19600 + 400 =- 
20000, ana 20000 -^ 2 =- 10000, and 10000 X 10000 
= 100000000, and 100000000— 15065344-= 84934666; 
then V84934656 = 9216, and 10000 — 9216 = 784; 
then v784 = 28, and 28 -h 7 = 4, which multiplied by 
the given proportion becomes 4 x 3 = 12 chains the 
shorter side, and 4 X 4 =^ 16 the longer. 

40. 1,5 X 1,6 X 1,5 X ,5236 = 1,76715 cubic feet, 
the solidity, and 6 X 6 X 6 X ,5236 = 94,248 the 
solidity of the proportional i^heroid ; then 94,248 : 6 
X 6 X 6 : : 1,76715 : 7,05 the cube of the greater dia-. 
meter ; then ^7,05 = 1,918 — feet the greater diame*. 
ter required, and 1,M8 x 6 -^ 6 = 1,598 +feet; the less. 

41. 18 X 18 X 15 X ,5236 = 2544,696 cubic inches 
the solidity of 1*ie oblat^ and 1^ X 15 x 18 X ,5236 = 
2120,58 cubic inches ttie solidity of the prolate sphe-. 
roid ; then 2544,696 — 212©,68. ^ 424,116 cubic 
inches, the difference requited. 

42. 4 X 5 =» 20, and 1 X 1 + 3 = i; then 20 + i «- 
20,333 4- the pro€ki<^ of the top and bottom diameters 
with t of the square of the difference added ; then 
20,333 X 6 X ,7854 =. 95,82 + cubic feet the solidity 
of the cistern, and 96,82 -*• 2 = 47,91 cubic feet the 
solidity of the water, and 5 — 4 = 1 the difference of 
the two diameters of the cistern ; then 1 : 5 : : 6 : 30 
feet, the altitude of its taper continued until it came td 
a point ; then 6 x 5 X ,7854 X 10 =* 196,35 cubic feet 
the solidity if it were a cone whose, diameter at the 
base was equal to ih% diameter of the base of the cis- 
tern ; then 190,35 — 47,91 — 148,44 cubic feet the 
solidity left at the vertex of the cone ; then 196,35 : 30 
X 30 X 30 : : 148,44 : 20411,912 + thecubeof the alti- 
tude above the water; then v20411,912=^ 27,324 + 
feet the altitude above the water ; then 30 — 27,324 = 
2,676 — feet, the depth of the water iti the cistern. 

43. 24 X 10 = 240 square chains the area; then 240 
^ ,433013 « 554,256 — the square of the side ; then 
V564,256 — 23,5426 + chains, the length of the sid^i 
^©quirecL. 
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44. 2160,4252 x 60 = 129025,512 cubic inches the 
aoUdity of the box; then ^129025,512 == 50,53 + 
inehes, the length of the side required. 

46. 160 -»- 2 = 80 square rods t^ area of the gar- 
den, and 80 ^ ,7854 =* 101,8676 + the square of the 
diameter of the garden ; then vl01,8576 « 10,09 + 
rods the diameter of the garden, a&d 80 -t- 4 =^ 20, 
and 80 + 20 =» 100 square rods the area of the gar- 
den and walk ; then 100 -4- ,7854 = 127,3236 + the 
aquare of the diameter including the walk ; then Vl27^ 
,3336 = 11,28 + rods the diameter including the walk ; 
then 11,28 — 10,09 =« 1,19 rods the diflference of dia- 
meters ; then 1>19 -^r S* «» ,695 rodjs, the width of the 
walk required^ 

46. 42 X 2 = 84 feet the length of the sides, and 2 h 
2 » 4 feet twice the thickness of the wall ; then 26 — 
4 -= 22 feet the length of each end ; then 22 x 2 « 44 
feet the length of both ends ; then 84 + 44 =^ 128 fe^f 
the whole length ef thfi wall ; then 128 X 7 X 2 -4- 16,6 
*« 108,6 + perches, the answer required. 

47. 20 X 112 X 2 X 16 = 71680 avoirdupois ouaees 
the weight of the anchor i then as 7645 ounces the 
specific gravity : 1 : ; 71680 j 9,376 + cubic feet, thff 
solidity required.. 

48. 3 X 12 S7 36 indies the diamet^ of the globe ;• 
then 36 X 3 -t- 11 =- 9,9 inches, and 36 — 9,9 = 26,1 
inches the perpendicular altitude of the largest equan- 
gular pyramid that can be formed frcxn the ^obe given.; 
then 26,1 x 9,9 X 4 « 1033,^56 the square of its side ; 
1033,»5 X Vl033^ X ,11786 -*- 1728 = 2,2083 + 
cubic feet the solidity of the pyramid, and 3 x 3 x 3 x 
,5236 = 14,1372 cubic feet the solidity of the globe ; 
then 14,^1372 — 2,2083 = 11,9289 cnbUi feet„ the solid- 
ity of the chips: required. 

49. 3^1416 X 60 =:^. 188,496 diains the leiaigth of the 
peripheary of the^ whole circle ^ then 360 : 188,496 : :* 24 
i 12,5664 chculis,. the length ef the are required. 

50. ]|60 X 5 =^ 800 square^ rods the sum of the leagtb 
\l^ thft breaAth^ ajid, 1.^0 -^-2.-^ Qft ro<fe the sum. pf. Hm 
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length and breadth of the parallelogram ; then 60 -t- 2 
= 30 rods the half sum, and 30 x 30 = 900 the square 
of the half sum, and 900 — 800 - 100 the square of 
half the difference of the two unknown sides ; then 
VlOO « 10 rods half the difference, and 30 + 10 = 40 
rods the longer side, and 30 — 10 = 20 rods, the 
shorter 

61. 20 X 20 X 4,829427 -i- 9 =- 214,5967 + square 
yards, the area required. 

52. 282 X 25 =5 7050 cubic inches the capacity of 
the kettle ; 5 x 4 =«= 20 the product of the top and bot- 
tom diameters, and 5 — 4=1; then 1 x 1 -•- 3 = +, 
and 20 + + =. -^3^ ; then ^ x 6 x ,7854 = 95,8188 
cubic inches the solidity of a kettle corresponding with 
the given proportions ; 96,8188 : 6x6x6 : : 7050 : 
16892,4 +, -the cube of the depth; then -^15892,4 = 
26,14 + inches the depth of the kettle ; then 6 : 25,14 
: : 5 : 20,96 inches the top diameter, and 6 : 25,14 : : 4 
I 16,76 inches, the bottom required. 

53. 90 H- 60 «* l,5i twice the square of the semidia- 
meter ; then 1,5 h- 2 = ,75 the square of the semidiame- 
ter ; then V,75 «= ,866 + the semidiameter ; then ,866 
X 2 -5 1,732 feet, the diameter of the cyUnder required. 

54. 8 + 7 + 5 =» 20 the sum of the three propor- 
tional sides, and 20 -»- "3 *^ 10 the half sum ; then 10 
— 8 - 2, and 10 — 7 = 3, and 10 — 5 == 5 ; then 10 
X 2 X 3 X 6 = 300 the square of the area of the pro- 
portional sides ; tibien VSOO =« 17,32 + the proportional 
area, and 60 x 10 =« 600 square chains the area of the 
triangle whose sides are required; then 17,32 : 5 x 5 
: : 600 : 866 the square of the shorter side ; then 1/866 
« 29,428 — chains the ishorter side ; then 6 : 29,428 : : 
8 : 47,0848 diains the longer side, and 5 : 29,428 : :. 7 ; 
41,1992 chains, the length of the other. 

66. 60 4- 50 + 40 + 2 = 76 the half sum of the 
three sides ; then 75 — 60 = 16, and 76 — 50 = 25, 
and 75 — 40 « 35 ; then 75 x 16 x 26 x 35 = 984375 
the square of the area of the triangle ; then 1/984375 =* 
99)2,157 square chains the area ; then 992,157 x f ^ 
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661,438 square chalos the area l^ft at the verticaji angle 
after the first division ; then 992,167 : 60 X 60 : : 661- 
,438 : 2400 the square of the base left after the first 
division ; then v2400 =^ 49 — the length ; 992,157 -*- 
3 == 330,719 square chains left at the vertical angle 
after the second division ; then 992,157 ; 60 X 60 : : 
330,719 : 1200 the square of the base after the second 
division ; then vl200 = 34j636 — chains, the length 
of the base after the second division. 

56. 3 + 2 =» 5 the sum of the proportion, and 5 — 3 
» 2 the proportional part left at the vertical angle ; then 
5 : 30 X 30 : : 2 : 360 the square of the sid^ left at the 
vertical angle after the greater part is cut off; then 
v360 = 19 — drains the length of each of the equal 
sides left at the vertical angle, and 5 : 20 x 20 : : 2 : 
160 the square of the base of the less part ; then vl60 — 
12,65 — chains, the length of the base of the less part. 

57. 60 X 60 =» 3600 me square of the transverse dia- 
meter, and 40 X 40 f« 1600 the square of the conjugatOj 
aiid 3600 + 1600 == 5200 the sum of their squares ; 
then 5200 x 4 = 20800, and v20800= 144,222 +, aijd 
40 -*- 3 = 13,333 + the third of the conjugate; th^a 
144,222 + 13,333 + =« 157,555 chains, tbq length <>( 
the periphery required. 

58. 4fl X 40 =« 1600 the square of the base, and 30 
X 30 =>i 900 tha square of the perpendiculai:, and 1600 
+ 900 = 2500 the square of the hypotenuse, £^^4^ v20OQ 
■=: 50 chains the hypotenuse, aijd 40 + 30«?= 7Q the suxq. 
of the base and perpendicular ; then 70 — 50 =* 20 
chains, the diameter of the inscribed circle required. 

59. 124 X 124 =- 15376, and 42 X 42 -. 1764, anQ 
15376 — 1764 ^ 13612, and 1^ X 2 =^248 ; then 
13612 -+- 248 =s 54,8871 — chains thwe p^igpendiculptr, 
and 124 — 54,8871 «= 69,1129 chains, the third side. 

60. 18 ■*- 2 — 9 inches the seipidiameter of the oiijcle^ 
and 9 X 9 = 81 i)ts square, and 11 -♦- ^ «= 5,5 inches half 
the chord ; 5,5 x 5,5 = 30,25 the sqpaxe of h^lf tjm 
chord ; then 81 — 30,26 *. W,76, aad v50,75- 7,133» 
-t ii>Qhes thQ distaiice tic^^we^n tiiQ obord a^ cQQta:^ d 
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the circle ; then 9 — 7,1239 =» IjBTTl inches, the versed 
sine required. 

61. 27-4- v3 «= 15,59 chains the length of half the 
side; then 16,59 X 2= 31,18 chains the length of the 
side; and 15,59 x 15,59 X ^433013 = 105,2429 + 
square chains the area, which divided by 10= 10,52429 
a6lres, the area required. 

62. .16 X 16 = 256; and 256 x 3 = 768 the square 
of the diameter of the gjlobe; then v768 = 27,7 + 
inches, the diameter required. 

63. 16 -!- 2 = 8 inches the semidiameter, and 8x8 
X" 2 = 128, twice the square of the semidiameter, and 
'36 X 144 = 5184 ; then 5184 -*. 128 = 40,5 feet, the 
length required. 

64. (Suppose the side of the square to be one chain ; 
then 4 chains the perimeter, and 1 square chain the 
area ; then -H — area in acres, which is equal to the 
perimetcj ; then 4 the perimeter divided by Ar = 40 
chains, the length of the side required. 

65. 1 — ,7854 = ,2146, and 4 x 10 = 40 chains the 
area in the corners ; then ,2146 : 1x1 : : 40 ; 186- 
,776242 +, the square of the side ; then vl86,776242 
+ = 13.666 + chains, the length of the side required. 

66. 18 X 18 X 18 X 2 -4- 3 == 3888 the cube of the 
altitude left after the first section is cut off; then -^3888 
= 15,724 + feet the altitude left ; then 18 — 15,724 « 
2,276 feet the height of the thickest section, and 18 X 
18 X 18 -»- 3 = 1944 the cube of the altitude left afl«r 
the second section is cut off; then 4/1944 = 12,48 feet 
the altitude of the part left at the vertex ; then 15,724 
— 12,48 = 3,244 feet, the height of the middle section. 

67. 70 X 70= 4900, and 50 X 50 « 2500 ; then 
;4900 — 2500 = 2400, and 2500 — 2400 = 100 the 

square of the difference ; then vlOO = 10 the difference 
between the base and perpendicular of the triangle; 
then 10 -♦- 2 « 5 rods half the difference, and 70 -4- 2 =» 
36 the half sum ; then 35 + 5 == 40 rods the lei^h of 
' the base, and 35 — 6 =» 30, the perpendicular required. 

68. 3 X 4 » 12 the product of the two diameters^ 
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and 4 — 3 = 1 the diflferencej and the square of the 
difference is also 1 ; then 1 -*- 3 « ,333 ; then 12,333 + x 
6 X ,7864 = 48,4316910 cubic inches the solidity of 
the given proportion, and 31,5 X 30 x 231 = 218295 
cubic inches the solidity of the cistern ; then 48,431691 
: 5 X 5 X 5 : : 218295 : 563409,5 the cube of the length, 
the cube root of which will be found = 82,6 — inches 
the length of the cistern =- 6,883 + feet ; then 5 : 6,883 
: : 4 : 5,5064 feet the bottom diameter, and 6 : 6,883 : : 
3 : 4,1298 feet, the top diameter. 

69. 20 X 45 = 900, and v900 ^ 30 chains the mean 
proportional between the greater and the less ; then 30 
X 2 + 30 = 90, and 90 -♦- v3 == 51,96 + chains the 
side of the equilateral triangle ; then 51,96 X 51,96 x 
,433013= 1169,066 + square chains, which divided 
by 10 = 116,9066 acres, the area required. 

70. 1 — ,5236 = ,4764 .: 1x1x1:: 2150,425^3 : 
4513,9 the cube of the side ; then -^4513,9 = 16,526 + 
inches, the side of the cube required. 

71. 64 X 64 — 40 X 40 == 2496, and 64 x 2 = 128, 
and 2496 -*- 128 = 19,5 chains the breadth of the paral- 
lelogram; then 19,5 x 40 = 780 square chains the 
area = 78 acres, the area required. 

72. 40 X 40 = 1600, and 24 x 24 = 576 ; then 1600 
— 576 = 1024, and vl024 = 32 feet the distance from 
the foot of the ladder to the buildings, and 16 X 16 = 
256 ; then 1600 — 256 = 36,666 + = 36 feet 8 inches ; 
then 36 feet 8 inches + 32 feet = 68 feet 8 inches, the 
breadth of the street. 

73. 30 X 30 => 900 the square of the given side, and 
12 X 12 = 144 the square of the perpendicular ; theii 
900 — 144 = 756, and v756 = 27,5 — ; then 27,6 + 
30 = 57,5, and 57,5 X 57,5 = 3306,25, and 144 + 
3306,25 = 3450,25 the square of the diagonal required ; 
then v3450, 25 = 68,739, the longer diagonal of the 
rhombus. 

74. 24 -4- 2 = 12 chains, half the longer diagonal, 
and 12 X 12 =» 144 its square, and 18 •*- 2 = 9 chains, 
half the shorter diagonal, and 9 x 9 » 81 its square ; 
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fhen 81 + lU *-^ 225', then v226 -= 15 chains, the 
kngth of thd side required. 

75. 42 X 36 X ,7854 4- 2 «* 593,7624 square rods 
the area of the trian^e whose side is required ; then 
'093,7624 ^ ,433013 « 1371,2345 + the square of the 
side ; th^n vl371,2345 » 37,03 rods, the length ot the 
lide required. 

76i 60 — 30 ^ 2 =i* 10 rods the versed sine of each 
is^ment made by the intercepted arcs of the circles ; 
than 10 >^ 50 ^ ,2 the tabular versed sine, and ,111823 
its oorfei^nding area ; then )111823 x 60 x 60 » 
279^6575 square rods the Itrea of each se^ent ; then 
279,5576 X 2 «=• 668,715 square rods hicluded between 
the intercepted arcs, and 60 x 50 x ,7^4 x 2 *^ 3927 
square i^ods the area of both circles ; then 3927 ->^ 558- 
^715 a* 3368,286 square rods the area endosed by the 
peripheries of both circles » to 21,0518 --^ acres. 

77. 100 X 60 — 6000 square feet the areaof the gar- 
den, and 6000 «^ 4 «« 1600 square feet the airea of the 
walk, andl00 + 60^2=i'80feettfae half sum of the 
two sides, and 80 x 80 » 6400 the square of the half 
sum, and 6400 ^ 1600 « 4900, and v4900 » 70 ; 
then 80 — 70 « 10 feet, the width of the walk, 

78. 60 ^ 3,1416 •* 19 + feet the dianl^ter, and 19 -i- 
5i^9fi,mi 9,6 X 9,6 ^ 90,25 its square^ and 120 x 
120 «( 14400 the square of the perpendicular ; then 
14400 + 90>26 » 120,41 -^ feet the length of the slope 
aide; then 120^41 x 60 -^ 2 ^^ 361,2} square feet the 
awa of the convex sur&ce of the conical spire ; then 
301,23 X ,0e ^ 9 :*» $3,21 +) the expeaae required. 

79. 1 -f* 40 » )026 of an inch the diameter of the 
whi9 ; liiea fl26 x fiH X ,7864 «* ,00490675 of a square 
uicb tte oi&L of the end of the wire ; then 1728 -«- 
^490876 m 352024,446 + mches the lengdi of the 
wiiJd <*« t/9 6^666 ^ miles. 

80. 3^1«ii2; tben2:18::3!27feettbeto^ 
ofthe stick ifit were a pjrmnid; th0n3x3«98qtiajre 
fim the ana of its base, and 27 -i* 3 » 9 feet, one-flxird 
ef the portwndicttlir altitude ; then 9 x 9 » 81 euliie 

11 
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feet the solidity if it were a pyramid, and 27 — 18 «• 9 
feet the altitude added to the small end of the frustnim 
to make it a pyramid, and 1 foot its base ; then 1 x 1 
X 3 » 3 cubic feet the solidity required to make title 
firustrum a pyramid ; then 8i — 3 « 78 cubic feet the 
solidity of the frustrum, and 78 -•- 3 » 26 cubic feet 
each man's share ; then 81 : 27 x 27 X 27 : : 81 — 26 
: 13365 the cube of the altitude of the pyramid left at 
the vertex after the first share is cut off from its base ; 
then -^13365 == 23,73 + feet the altitude left at the 
vertex ; then 27 — 23,73 = 3,27 feet the altitude of 
the thickest section, and 81 : 27 X 27 x 27 : : 29 : 7047^ 
cube of the altitude left after the second share is taken 
off; then -^7047 = 19,17 + feet the altitude; then 
23,73 — 19,17 = 4,56 feet the altitude of the middle 
section, and 19,17 — 9 » 10,17 feet the altitude at the 
small end ; then the length of the shares is 10,17 — y 
4,56, and 3,27 feet. 

81. 2160,4252 ^ 2 « 1076,2126 cuHc inches the 
soUdity of half a bushel, and ,7854 x8^ 6,2832, and 
1075,2126 -♦- 6,2832 « 155,05 + the square of the dia- 
meter ; then vl56,05 » 12,452 — ^ inches, the diameter 
required. 

82. 5 X 6 X ,7854 X 2 = 39,27 cubic inches the 
capacity of the glaiss, and 6,148 + 2 » 7,148 indies the 
distance from the vertex to the top of the globe ; then 
7,148 — ^ 6 =■ 1,148 inches the axis of the globe above 
the glass ; then 4 — 1,148 » 2,852 inches the axis 
withm the glass ; then 2,852 x 1^148 » 3,274096 the 
square of the semidiameter of the globe level with the 
top of the glass ; then 3,274096 x 3 + 1,148 x 1,148 
X ,5236 X 1,148 - 6,696 + cubic inches the solidity 
of the segment above the glass, and 4 X 4 x 4 X ,5236 
» 33,6104 cubic inches the solidity of the globe ; then 
33,5104 — 6,696 » 26,8144 cubic inches the soUdity. 
of the globe within the glass, and consequently Ar 
solidity of the water displaced. 

83. 6 — 4=» 1; then 1: 12:: 6:60feet,the peroen- 
dicular altitude of a cone whose base is 6 feet and dimi-: 
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nishing one foot in twelve, and 5 -«- 2 = 2,5 feet half 
the diameter, and 60 x 60 == 3600 the square of the 
altitude, and 2,6 X 2,5 = 6,25 the square of the semi- 
diameter of the base ; then 3600 + 6,25 = 3606,25 the 
square of the slope of the cone, and v3606,25 = 60,05 
+ feet the.slope of the cone, and consequenfly the semi- 
diameter of the circle required ; then 60,05 x 2 = 120,1 
feet the diameter of the circle made by the greater 
wheel, and 12 X 2 = 24, and 120,1 — 24 =- 96,1 feet 
the diameter made by the less, and 120,1 x 120,1 = 
14424,01 the square of the diameter of the circle made 
by the greater wheel, and 96,1 X 96,1 =» 9235,21 the 
square of the diameter of the circle made by the less 
wheel, and 14424,01 — 9235,21 = 5188,8 the differ- 
ence ; then 5188,8. X ,7854 = 4075,28352 square feet, 
the area of the ring required. 

84. 8 -f- 10 -I- 2 = 9 chains the average width, and 
9 X 20 = 180 square chains the area of the field ; then 
180 -I- 10 = 18 acres the whole area, and 10 — 8 = 2; 
then 2 : 20 : : 8 : 80 chains the len^h continued to the 
small end to form the whole to a triangle, and 80 + 20 
'« 100 chains the whole length of the base of the trian- 
gle, and by the question 10 chains the perpendicular ; 
then 100 x 10 ■4- 2 = 500 square chains the area of 
said triangle ; 18 — 8 == 10 acres, or 100 square chains, 
to be left at the perpendicular of the triangle ; then 600 
— 100 =• 400 square chains to be left at the vertical 
angle 5 then 500 : 100 X 100 : : 400 : 8000 the squiare 
of the base ; then v^OOO = 89,4427 -f chains the dis- 
tance from the vertical euigle to the place where the 
line of separation must be drawn ; then 89,4427 — 80 
■■ 9,4427 + chedns, the distance from the southwest 
ccffner, and 80 : 8 : : 89,4427 : 8,94427 chains, the 
length of the division Une. 

85. 4 : 12 X 12 X 12 : : 3 : 1296 the cube of the alti- 
tude; thto -J/ 12% »• 10,9 + feet the perpendicular 
altitude left at the vertex ; then 12 : 4 : : 10,9 : 3,633 
+ feet the diameter where the section i$ cut off; then 
3,633 •«. 2 1» 1,816 leett the semidiamet^. and 1,816 X 
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1,816 =« 3,297856 its square, and 10,9 X 10,9 = 118,81 
the square of the perpeudicular altitude, and 118,81 + 
3,297856 = 122,1078 the square of the length on the 
slope ; then Vl22,1078 =» 11,06 feet, the length re- 
quired. 

86. Between the equator* and the poles are 90 de- 
grees ; then 45 -•- 90 -» ,50, and v50 :« ,70710678, and 
,70710678 X 8000 « 5656,85424 miles, the diameter 
required. 

87. 16 — 16,5 =- ,6 ; then 6 : 20 :: 16 : 640 feet the 
distance from the second stake to the opposite bank of 
the river ; then 640 — 20 =- 620 feet, the breadth of 
the stream. 

88. Suppose the less number is 10 ; then 25 — 10 » 
X5, one-third of the other two ; then 16 x 3 « 45 the 
sum of the two greater. Again suppose the less of the 
two greater is 19 ; then 45 — 19 = 26 ; the three num- 
bers would then be 10, 19, and 26, and 10 -f 26 -^^ 4 =« 
9, and 19 + 9 ^^ 28, which by the conditicm of the 
question should be 26 ; then 28 — 25 » 3 the error. 
Again, suppose the less of the two greater to be 11 ; then 
45 — 11 a> 34 the greater ; then the three numbers 
would be 10, 11, 34 ; then 34 + 10 ■♦. 4 -= 11, and 11 
4* 11 "" 22, which by the question should be 25 ; then 
25 — 22 »>* 3 the error. The errors being alike in quan- 
tity but not in quality, the half sum of the two supposi- 
tions must be the number sou^t ; then 19 + 11 •«* 2 
«" 15 the less of the two greater, if the smaller be 10, as 
was supposed ; then 45 — 15 as 30 the greater ; then 
the three numbers would be 10, 15, and 30, two of 
which answer the conditions of the questioa ; then 10 
-f- 15 -4- 5 ^ 6, and 30 4- 5 °= 35, whidi by the quech 
tion should be 25 ; therefore 35 — 25 » 10 the errou 
Again, suppose the less of the three to be 8 ; then 26 — 
8 »* 17, one-third of the other two ; then 17 x 3 ^ 61 
the sum of the two greater \ then suppose the leas i3ft 
the two greater to be 19; then 51 — 19»32, andSS) 
+ 8^40, and 40 •«- 4 - 10, and 10 -h 19» 29, which 
Iry the conditions of the question should be 26 ; ijamk 
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29 — 26 «* 4 the error. Again, suppose the less o£the 
two greater nambers to be 16 ; then 61 — 16 « 36, 
and 36 + 8 = 44, and 44 -»- 4^ 11, and 11 + 16 « 
26, which by the conditions should be 26 ; then 26 — 
26 = 1 the error ; then by multiplying the positions by 
the errors, that is, 19 X 1 == 19, and 16 X 4 =^ 60, and 
60 — 19 = 41, and ^1 -i- 3 = ^ the second number if 
the first be 8, and 61 — V" = H^ the greater ; thea ^ 
4- 8 -•- 6 -. ¥-, which added to -4^ =:^ -4^ ; thenH*- — 
25 = V the error ; then the first position 10 X Y* — 
**J^ and the second position 8 x 10 = 80 j then be- 
cause the errors are alike, H^ — 90^ H^ the diflfer- 
ence of the products, anct V — 10 =. ^ ; then H^ •*- 
"V -= 13 the less number, and the second proportional 
number ; 16 xY«^and^xlO«H^; then ^ 
^j^^^jL. then ^^^ -*- Y =» 17 the less of the two 
greater, and 17 + 13 -i- 5 = 6, and 26 — 6 «= 19 the 
greater ; then the respective distances firom the point 
within the equilateral triangle to the angles are 13, 17, 
and 19 chains, and 13 x 19 = 247, and v247=. 16,716 
+ chains the mean proportional between the greater 
and the less ; then 16,716 x 2 + 17 -»- v3 == 27,96 + 
chains, the length of th^ side required. 

89. 6 X 12 = 60 inches the diameter of the stone ; 
then 60 X 60 X 3 -!- 4 « 2700 the square of the diame- 
ter left after the first has ground off his share ; then 
v2700 = 62 — nearly, the diameter left ; then 60 — 
62 ^ 8 inches of the diameter the first share, and 2700 
X 2 ■4- 3 = 1800 the square of the diameter left after 
the second has ground aft his share ; then vl800 =■ 
42,4264 -f inches the diameter left, and 62 — 42,4264 
as 9,5736 inches the diameter of the second share, and 
1800 ■♦• 2 = 900 the square of the diameter left after 
the third has ground his share ; then v900 = 30 inches 
the diameter of the fourth share ; then 42,4264 ■— 30 
-- 12,4264 inches, the third share. 

90. Suppose the diameter of each of the equal circles 
to be 10 diains ; then 10 x 10 X 7864 =- 78,64 square 
chains the area of each circle, and as their centres are 

11* 



136 MISCELLANEOUS aUESTIONB. [BwcX^HSL 

equally dismal from eaoh other, so that Unm drawn 
from the centres to th^ cjentres of bl;hers form an equi- 
lateral triangle whose sides are eaeh equal to the dia- 
meter of the equal cirdes ; then 10 X 10 x ,433013 « 
43,3013 square chains contained in the triangle^ and as 
each of the an^es contains 60 degrees, then §50 : 78,54 
: : 60 : 13,09 square chains the area of the sector of 
each circle ; then 13,09 x 3 = 39,27 square chiiins the 
area of the three sectors, and 43,3013 — 39,27 «« 4,0313 
square drains the area contained between the periphe-^ 
riea;: then 4,0313 : 10 x 10 : : 20 square chains the 
ia«a given ; 496,12 -^ the square of the diameter of 
each of the equal circles to be enclosed by the fourth-; 
then v496,12 ^ 22,2706 chains the diameters^ and like- 
wise the length of the side of an equilateral triangle 
made by the centres of the three circles ; then 22,2706 
X V3 = 38,57379 chains, three times the distance from 
the centre of the triangle to the centre of each circle ; 
then 38,57379 -a- 3 = 12,85793 + chains the distance, 
and 22,2706 ^ 2 = 11,1353 chains the semidiameter 
of each of the equal circles ; then 11,1353 + 12,85793 
= 23,99323 chains the semidiameter of the circle en- 
olosii]^ the Qther >hree ; then 2^,99323 X 2 == 47,98646 
chains, the> diameter required. 

91. 2,S :l 2,4 + 2 : : 2,4 ^ 2^ : ,704 the difierence of 
the segments, of the base made by a perpendicular let 
fall from the c^posite angle to the base ; then 704 ■*- 2 
» ,352, half th^ difference, and 2,5 = 1,25 the half 
gqm ; then 1,25 --- ,352 = ,898 of a mile the shorter 
seffment ; then 2 x 2 =» 4 the- square of th^ shorter 
side, and ,898 x 898. =? ,806404 the square of the 
shorter segment ; then 4^— 806404 « 3,193596 the 
square of ui^ perpendicular ;; then v3,193596 = 1,787 
+ miles the perpendicular; then 1,787 : 2,4 :: 2: 
2,686 miles ttie diameter of a circle whose periphery 
would pass through each of the seats j then 2,686 — 
1,343 miles, th€f distance required. 

92. 40 : 30 + aO 1 : 30 — 20 : 12,5 the difference of 
the segments ; then 1^5 •<- 2 >« 6,25 the half di8ei:ffi!eei 
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aiMl 40 -f- 2 » 20 rods the h^ sum ; then 20 — 6,2& 
*>• 13,76 rods the shorter segiaenty and 13,76 x 13,76 -» 
189,0625 its square, and 20 X 2&<». 400 Oie square of 
the shortest side of the triangle ; then 400 — 189,0626 
n 210,9375 the square of the perpaidicular which di^ 
Tides it into two right an^es; then v210,9376 «« 
14,5236 + rods the perpeocQcular ; then 14,6236 : 30 
; : 20 : 41,312 + rods, the diameter required. 

93. 21 4> 2 » 10,5, half the diagonal ; then 10,6 x 
10,6 «a 110,26 the square of half the diagonal, and 84 x 
2 » 168 doable the area, and 168 ■+- 21 ^ 8 dbiains the 
perpendicular, and 110,25 + 8 + 8x8x4 = 729 
the square of the sum of the two required sides ; then 
v729 =? 27 chains the sum of the two sides, and 85 + 
60 «- 135 the sum of the proportion given ; then 135 : 
60 : : 27 : 10 chains the shorter side, and 27 — 10 -• 
17 chains, the longer, 

94. Supposethe diameter of thecirde to be50chains; 
then 50 x 60 x ,7854 x 20 -*- 10 « 3927 dollai^ its 
value at 20 dollars per acre, and 60 x 66 x 1^ X 3,1416 
«a 124407,36 inchea the circumference of the supposed 
circle ; then 124407,36 x 2 -h 3 =p 82938,24 dollars the 
numbel* which would encompass the supposed circle j 
then 3927 : 60 : : 82938>24 : 1056 chains the diameter 
of the circle required, and 1056 x 3,1416 x 66 x 12 x 
2 H- 3 = 1751655,6288 dollars, the price it cost. 

96. 16 X 16 X 2,598076 « 665,1074 + square feet 
the area, and 16 x 6 -♦- 2 = 48 feet, half the perimeter ; 
then 665,1074 -f- 48 = 13,8564 feet, the length of the 
perpendicular required. 

96, 6 X 4 + 2 =» 22 roods, and 22 x 40 + 25 = 906 
square perches the area of the field; then 905 *♦■ 
1,720477 = 526,0221 + the square; v526,()221 + = 
22,935 + perches, the length of the side required. 

97. 8000 X 8000 x 8000 = 612000000000 the cube 
of the diai»eter of the earth ; 2180 x 2180 x 2180 = 
10360232000 the cube of the diameter of the moon ; 
then 512000000000 : 240000 ; : 10360232000 : 4866- 
^5876 miles the distance from the earth^s centre ; then 
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4866,35875 — 4000 miles the semidiameter of the 
earth » 856,35875 miles above the sur&ce. 

98. Suppose the equal cireles to be 10 ehains in dia- 
meter ; then the centres are likevfise 10 chsdns asun- 
der ; and consequently if hnes be drawn from centre to 
centre, those lines form an equilateral triangle whose 
sides are 10 chains ; then 10 x v3 -♦- 3 =* 5,7735 chains 
from the centre of the supposed figure to the centre of 
each of the supposed circles ; then 5,7735 -f- 5 « 10- 
,7735 chains the semidiameter of a circle Which will 
just encompass the three supposed circles ; then 10,773S 
X 2 =« 21,547 chains the diameter, and 21,547 X 21,547 
X ,7854 =« 364,64 square chains the area of a circle 
encompassing the three supposed circles, and 100 X 100 
X ,7854 = 7854 square chains the area of the circle 
whose diameter is given ; then 364,64 : 10 x 10 : : 7854 
: 2153,905221 the square of the diameter of each of the 
required circles ; then 2153,905221 x ,7854 -»- 10 = 169- 
,167716 + acres the portion of each of the sons ; then 
169,167716 X 3 = 507,603148 acres their share, and 
7854 -^ 10 = 785,4 acres the area contained in the 
whole circle ; then 785,4 — 507,503148 « 277,896853 
acres, the* widow's share. 

99. 250 X 2 =- 500, arid 40 -4- 2 = 20 chains half the 
length of the base^ and 20 x 20 x 2 -^ 800, twice the 
square of half the base ; then 800 + 500 =- 1300 the 
sum of their squares « to the sum of the squares of the 
other two sides, and 3 x 3 =- 9, and 2x2 = 4; then 9^ 
+ 4 = 13 the sum of the squares of the given propor- 
tion ; then 13 : 1300 : : 4 : 400 the square of the shorter 
side ; then v400 — 20 chains the shorter side, and 13 :• 
1300 ? : 9 : 900 the square of the longer side ; then 
v900 ^ 30 chains, the longer side. 

100. Suppose the side of the nonagon to be 10 chains ^ 
then 10 X 10 X 6,181824 = 618,1824 square chains the. 
area of the nonagon whose side is 10 chains ; then 9 >c 
10 -4- 2 = 45 chains, half its perimeter ; then 618,1824 
^ 45 =s 13,7374 — chains, the length of a perpendicu- 
lar let M from the centre of the nonagon to the middle: 
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of one of its sides, the side of the pentagon being equal 
to that of the nonagon ; therefore 10 X 10 x 1,720477— 
172,0477 square clmins the area of each pentagon ; then 
10 X 6 ■♦• 2 = 26 chains, half the perimeter, and 172,0477 
^ 25 = 6,4819 + chains the length of a perpendicular 
let &.11 from the centre of one of the pentagons to the 
middle of one of its sides ; then 6,4819 + 13,7374 — 
20,2193 chains the distance from the centre of the nona- 
gon to the centre of one of the pentagons ; then 6,4819 
X 6,4819 « 42,01502761 the square of the perpendicu- 
lar of one of the pentagons, and 10 -f- 2 = 5 chains, 
half the side of the supposed pentagon ; then 5x5== 
25 its square, and 42,01502761 + 25 = 67,01502761 
the square of the distance from the centre of one of the 
pentagons to each of the angles ; then v67,01502761 =■ 
8,18627 chains the distance ; then 20,2193 + 8,18627 
» 28,40557 chains the distance from the centre of the 
supposed nonagon to the periphery of a circle, and con- 
sequently the semidiameter of a circle encompassing 
the suppol^ nonagon and pentagons ; then 28,40567 
X 2 =» 66,81114 chains its diameter ; then 66,81114 x 
66,81114 X ,7864 » 2634,883 — square chains the 
area of the circle ; then 2634,883 : 10 X 10 : : 7864 : 
309,837 — the square of the len^ of the side of the 
required nonagon, and likewise of the pentagons ; then 
309,837 X ,6181824 =- 1915,3578 + square chains - 
191,53678 acres the area of the nonagon, and therefore 
the son's share, and 1,720477 X 309,837 « 533,0674 + 
square chains » 63,30674 acres each of the daughters' 
share, and 63,30674 x 9 + 191,53578 ^ 671,29644 
acres belonging to the son and daughters ; then 786,4 
— 671,29644 ^ 114,10336 acres, the widoVs part. 
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